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INTRODUCTION 


Tlio lirst |)art of thr fodustrial Produds s<^( t ion of tlio of Iiulia a. Dictionary 

of rndiaii Raw Materials and Indiislrial Rrodints apix'an*!! in D(x(M)d)<M* l!)4S aj\d was 
warmly rccoivod hy scientists and ijidnstrialists hi the coujitrv. TIk^ a])|)reciat ion accordixl 
to it has l)een a sonrci^ of cjiconra-^eim'nt to those? cjijjjajjijcd iji tin? work of compiling the? 
Dicliojiary. 


Tlio |)aucity of pul)lishcd iiddrmation and sta.tistical data, relating to many ijidiistries 
and the reduclanee oji tlie part of certain industries to supply iiddrmatioji have cojilrihutixl 
to the uncivennoss Jioticeahle* in tlu^ treatment of snhj(M-ts. Thi'se? handicaps have? 
ref<?rn‘d to iji tlie introdiictioji to the prec(?ding pa.rt, and are due to the? pri'scait trajisition- 
al stage? in Inelia’s industrial ele?ve’lopme^nt. 

The? ve)hime follows in the main the? patteTii e>f the lirst [)art. A ne)tiee^a.hle'‘ ele?parture? 
is in respect of illustratieais ; a large? numhe?r of te?xt ligure-^s line? elrawings a.nel half-tone?s 
ajiel plate s liave he^en inchidexl. 


The? following article?s have? 1)exm recedvexl freon e?xternal ceud rihutors ; (‘alcium 
chloride (The l^iotivvr Matjutshi H'or/’s* LUL)^ Canning (Dr. (!. S. Sielela.p|)a), Cajuas (The? 
Indian J ntc Mills Assneiatinn)^ Aetivateal CarlMu* (Dr. K. S. (i. Doss), (^irpemtry anel 
Cahinet-we)rk (Mr. K. D. Si mine ms ; Shri R. V. Ivurup), Railway e*arriagcs (Shri Ik S. Sinelhu), 
Ceramics Re:)ttery (Shri T. \V. Talwalkar), (!igars anel Clieueiejls (ASy^e //evr rr/zd C’o., LUL)^ 
Carliemi/.at iem e)f (!e)al ( Dt's. .1. \V. W'hitakeu- anel A. Lahiri), Ce)al tar (Mr. (’. d. Kiedelea), 
Ceie-eia and Clu)ce)late (Shri < J. R. Sathe), (Jeiir (Shri K.(J. Karima Karan), CeipiKU’ ae*e?ta.te? 
anel ae‘e?te)-arscjiite? {StnUh Slanistml (tad Co,^ Ltd,)^ Ceittem gijuiing {! ndian (^f ulral (Udian 
(Joninnllvf)^ ajiel Crucible's (Shri W C. rye?r). The?se‘ e/oiit rihutieins have hee?n suitably meielilie'el 
to e-onform te> the? ree{uireme?jits of the Died ieaiary. fjifeArmative jie)te?s eai the? leillowijig sub- 
jects have? lK?C‘n re'ccivod from e^xte-rnal sonre‘e?s : Carbon elie)xiele? {Ahndac (la aural 
Works Lid,), ( Virpeds ( /\V//7</.s* i^arprtCo.; E, Hill M t V)., Ud,), Carts (l)u'f rdtralr oj 
Ordnanrr Earlori(s)„ (\?lhiloid (Shri J. "N. Cheish), (\‘jne?jit Re>rtia.nel (The? (U na at Mar- 
kf'tinfj (Jo/npant/ of India, Ltd,), Ceramics {Hon rnna nl Horn lain Earfortp Rajigalore? ; 
(dass Te?chnologist te) t he? ( JeAve rjimeiit e)f C. R.), Chlen'ine? (The? M d! nr ( la iniral and Indns- 
trial (U)rpora>Hon, Ltd,), Chromate's, Die-hromati'S anel Chreimium Cemipe)UJiels (Hon rnna nt 
Dirhronadr Farforf/, IJehigula), ( Ticks (India Ma irorohHjiral !)( part na nt), ( 'on Ice-tie mary 
(Indian Instifufr oJ Sugar Trcluadogn ; Indian Honft rtionarff Man njartun as Assneiahon), 
Cop])er (Indian Hopprr HorjnfUflion, Ltd.)^ Ceirdage? a.nel Reipe's (»l. S. (^uijui ; Indatn 
Itopr Maniiftfclurras^ Association), OoiUni mill industry (///</yV/// (Unfral Hofff}n ( Unnnntff r ; 
Di. C. iSi. K, Murthy), and (hitle?ry (Dr. (J. R. Contractor). Tho Chie'l Ivliteir wishe's te> 
ae-kne)wle?elge? his gratitiiele tei the autlnirs eif tlie? artie-les ajiel neite'vS. 


Thanks are? elue? to tho foJleiwing ijielustrial e-euie-e'iJis feir alleu'eling la-cilitie's to my e-ol- 
le?agne's to visit the? fae-tories ajid ce)lle?e-t infeirmat ieui : Haranr (U)hr Ho,, Ltd,, Kusuneti ; 
Bengal (yhrniical and Flairnatrrulind Works, Ltd., Cale-iitta; lirngal Foth ras, />/</., Cale-utta; 
HfUcutla Clamiral (Jo., Lid., Calcutta ; Ihuirala Sugar ll u/A-s ((nd l)isf filer//, Daurala ; 
I). (J. M. Hlofhing Fftrlor//, De'lhi ; Hangrs Hope (U)„ Lid,, Keiwrah ; Ihndustan Bir/iele 
Manujacluring and Induslriftl Horporation, Lid., IMiulwari Sha,re'(?f, Ratna ; Hindustan 

Has Ho., Ltd., Caleiutta ; Imperial Toharro Horn pang of India, Ltd., Calcutta. ; India 
(Jlork Mfg Ho., Ltd., Tatanagar ; India ([i/rle .Mfg Co., Ltd., Cale-utta ; J\alion(d 

Tobacco (Jo. oJ I ndia>. Ltd., (Calcutta; Oriental Has Ho., Ltd., Calcutta; Farle Frodurts Mfg 
(Jo., Rombay ; Fure Froducts and Afadliu Hanning, Ltd., Reimbay ; Fussa Distiller//, 
Calcutta ; Shalitnar Rope llenvrah ; Shalimar Tar Froduets (F.FHf) Ltd., Lexlna ; 

Sirdar Harbonic Has (Jo., Ltd., De?Jhi ; and Tata Iron and Steel Ho., Ltd., Ja.mshe'elpur. 


(Jrat(?ful ae*knowle?dge?me?Jit is he.>ro maelo te) the* eei-ojieiatiem whie-li ha,s be'e?n e?xte'iKle?d 
to this weirk by se?veral institutions, (Jovermnent de[)art me?ixts, inelivielual se ie?ntists and 



ijidnslriiilists l)()lh in India and aliroail. 'Flu^ sources of format ion ]iav(^ booji numerous, 
and it is im[)ossil)l(' to lliank i‘V(u-v one indiv'idually. Tlu'- (1ii(d’ Kditor hesitat(\s to make 
])articular numtioji of an> ou(‘, as (‘very one whom 1)(^ a])])i*oach(‘d lias beiai (^{ually res- 
])ojisiv(‘. "riiis abundan(‘(^ of ^ooilwill for Ibis undcrtakiiio* is in itself a ^ood augury 
for its future progress. 

The diicd’ Kditor tbsires to expn^ss his ^ratituch^ to Dr. Shanti Swarup Bhatna^jjar iji 
particular and to each of th(^ otlua* menib(a*s of th(^ Editorial Committet^ for invaluabk^ 
liclp, guidance, a.nd criticism throughout the course of the compilation. 

Thajiks are dm' to th(^ authorities of the ( Jovcnimimt Pn^ss, Xevv Dcdhi, for the neat 
(‘xccution oftln^ printing. Hut for t heir willing assistance, tla^ printing of this volume would 
ha\ (^ bc<'n riMukac'd ditticult. 

The Chief hklitor (h'sires to pla(*(‘ on nn-ord his gratc fnl appreciation of the unstinted 
labour and loyal co-opeialion of his colleagues and sta.(f. 

Sugg(^stions for improyennent will be gratefully r(‘c(Mved and imide us(» of in subs('([n(mt 
parts. 


2d, Pusa Ixoad, 
Nnw Dmair-r). 


H. SASTIir, 

( 'Itir f hldilor 
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CAFFEINE 

Caffeine (Theine), is the principal 

alkaloidal constituent of tea, coffee and some 
other beverages, in which it occurs either 
free or combined as caffeine chlorogenate. The 
percentages present in the different materials 
are: tea, 1-0 4-8; cola nuts, 2-7— 3-6; coffee, 
1-0 — 1-5; mate {Ilex paraguariensis), 1*25— 2*0; 
and guarana {Paidlinin cupana), 3*1 5 0. Cocoa 

waste contains theobromine from which caffeine 
can be obtained by methyl ation. The leaves of a 
species of holly, Ilex cassme (indigenous to North 
America), from which the beverage Cassina is 
piepared, contains 1-0 T6% caffeine. 

Commercial caffeine is obtained from tea waste 
or tea dust by solvent extraction. When boiling 
water is used as solvent, the decoction is treated 
with litharge to precipitate gums and resinous 
matter and the filtrate concentrated until crystals 
of caffeine separate out. The product is purified 
by recrystallization from boiling water. 

Caffeine is also obtained as a by-product in the 
preparation of caffeine-free coffee. Coffee beans 
are treated with superheated steam and extracted 
with benzene, chloroform, or alcohol to strip them 
of caffeine. The alkaloid is recovered from the 
extract by evaporation and purified by cry- 
stallization. A simple method for the prepara- 
tion of caffeine from coffee has been described by 
Serra (Chem. Abstr., 1947, 41, 1811). Coffee 
powder is treated with 10 ammonia and ex- 
tracted with hot water. The extract which con- 
tains about 0-3/f caffeine, is concentrated, treat- 
ed with ammonia, and further concentrated. 
The concentrate is cooled to 8 -10'’, hydrochloric 
acid added till no more precipitate is formed, and 
filtered. The filtrate contains crude caffeine 
which is purified by dissolving in 50*^ sodium 
hydroxide, reprecipitating with carbon dioxide, 
and centrifuging. 

Large quantities of caffeine are manufactured 
in America by the methylation of theobromine 
(C7H8O2N4), obtained from the residual cacao 
cake after the Oil of Theobroma is extracted. 
The process has largely replaced the older pro- 
cess of synthesis from uric acid, via 8-methyl- 
xanthine (Karrer, 807). 


In view of the largo increase in the demand for 
caffeine, particularly in the U.S.A., for the prepa- 
ration of Cola drinks of which caffeine is a 
constituent, commercial production of caffeine 
by synthetic processes has received considerable 
attention. A process using nitrogen and hydro- 
gen has been recently developed; details have not 
been revealed. The product obtained is reported 
to be of higher purity than caffeine obtained by 
other methods {Chem. Engng Neics, 1945, 23, 

2036; U.S.D., 177). A synthetic process starting 
from urea and cyanacetic ester was developed in 
Germany, but not commercially woiked as the 
overall yield of caffei.ie was only 40- -50% of 
the thcoreticil (F./.A.T. Final Rep. No. 885). 

Caffeine is manufactured in India from tea 
waste (caffeine content, 3*0 4-5%) available in 
abundance from the tea gardens of Darjeeling, 
Jalpaiguri, and Assam, by benzol (boiling range, 
70 — 100'’) extraction. The raw material, mixed 
with soda and water, is charged into brass extrac- 
tors fitted with condensers and w’orking on the 
Soxhlet extractor principle. On the completion of 
extraction, the solvent is distilled off and the 
residue taken up with water. The aqueous ex- 
tract is treated with basic lead acetate to elimi- 
nate chlorophyll, resin, waxes and gums, and 
filtered through bags. Excess of lead is removed 
from the filtrate by tieatment with sulphuric acid 
and the lead-free filtrate decolorized with acti- 
vated charcoal and concentrated. The caffeine 
which crystallizes out is separated on the centri- 
fuge and dried at room temperature. 

Caffeine crystallizes with one molecule of 
water from hot water, or anhydrous from alcohol, 
in slender silky needles. It loses its water of 
crystallization at . 100 ’. The anhydrous ba.se 
melts at 234 -35'" and sublimes at 175" (Thorpe, 
II, 197). One part of caffeine dissolves in the 
following quantities of solvents at 25 ’: water, 
45-6; alcohol, 53-2; ether, 375; and chloroform, 8. 
It is bitter to taste and is a weak ba.se neutral to 
litmus forming salts which dissociate during the 
evaporation of their aqueous solutions (Henry, 
331). 

Caffeine stimulates the central nervous system, 
especially the part associated with psychical 
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functions and increases the capacity for physical 
exertion. It is also a cardiac stimulant. Its 
most important physiological action is that on 
the kidney causing an increased secretion of 
urine. Caffeine is ('xcreted in the urine partly 
unchang(*d but chiefly as dim(?thyl xanthine, 
methyl xanthine, and xanthine. 

Caffeine is used in medicine in admixture with 
acetanilide', acetyl salicylic acid, and phenacetin 
for the relief of nervous headache and migraine. 
Taken in large doses, it is toxic. Caffeine stimu- 
lates the heart by both central and peripheral 
action but large doses cause cardiac inhibition. 
Its effect on blood pressure is variable. If the 
central action predominates the blood pressure 
rises; a dominant peripheral action causes a fall 
(Chem. Abstr., 19*19, 33, 8788). It is employed in 
pharmaceutical preparations principally as 
caffeine citrate or citrated caffeine, prepared by 
evaporating to dryness acpieous solutions con- 
taining equal weights of caffeine and citric acid. 
Caffeine citrate dissolves unchanged in water. 
On diluting the solution, however, caffeine is 
deposited and on further addition of water, the 
solution again beconu's clear. An aque<)us solu- 
tion of caffeiru' citrate contains frtx.' citric acid 
and is incompatible with a number of compounds 
used in medicinal practice. In recent pharma- 
copoeias citric acid has been replaced by sodium 
benzoate which enhances the solubility of caffe- 
ine in water. 

In India, caffeiru' is mainly produced in 
Calcutta. The Bengal Chemical and Pharmace- 
utical Works fjtd., and Messrs. Smith Stanistreet 
& Co. Ltd., are the largest producers The total 
annual output is about 20,000 lb, and the target 
of production is 30,000 lb. (Rep. Panel on Fine 
Chemicals, Drugs and Pharmaceuticals. 1947, 20). 
There is an abundance of raw material for caffe- 
ine production in the country. 

Large quantities of tea waste are exported to 
U.S.A., Canada, and Australia for caffeine extrac- 
tion. The quantities exported in 1948-49 and 
1949-50 were 6-7 and 80 million lb., valued at 
Rs. 14 lakhs and Rs. 16 7 lakhs respectively. 

The price of caffeine per lb. in 1949 (in lb. 
bottles for 1 cwt. lots in cases f.o.r. Calcutta) 
was Rs. 23. 

CALCIUM COMPOUNDS 

Calcium compounds such as calcium carbo- 
nate, calcium phosphate, and calcium sulphate 
arc widely distributed in nature. A large 
number of them are manufactured on account 
of their applications in industry. Calcium oxide 
and sulphate are extensively employed in build- 
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ing and chemical industries. Calcium pho§- 
phatc, nitrate, and cyanamide are useful as ferti- 
lizers. Calcium carbide forms the source of acety- 
lene w'hich is an important starting material for 
the synthesis of many organic chemical.s. A large 
number of organic compounds of calcium find use 
in pharmacy. 

Calcium acetate — see Wood distillation 
Calcium arsenate 

A number of calcium arsenates are theoreti- 
cally possible. Commercial arsenates are mix- 
tures of CaHAsO , Ca.,(AsO^) 2 , (^i (OH)^, 
and probably other calcium compounds. They are 
made from calcium oxide and arsenic oxide 
(Frear, 14). 

Calcium arsenate is an insecticide of consi- 
derable value conveniently applied in the form 
of dust. Its relative instability is, however, a 
drawback to its extended use. The newer safe 
commercial arsenates are mainly basic arsenates. 
A combination of calcium arsenate, zinc sulphate, 
and hydrated lime in the proportion of 4:1:2 is 
eff'ective in controlling codling moth (Frear, 16). 
Calcium carbide 

Calcium carbide is the basic material for the 
production of acetylene used in welding, as 
illuminant, and as the starting material for a 
wide range of synthetic resins, organic chemicals, 
.solvents, and pharmaceuticals. Calcium cyana- 
mide is derived from calcium carbide. The ab- 
sence of a well-established carbide industry has 
impeded the growth of organic chemical industry 
in til is country. 

When lime and carbon are mixed together in 
proper proportions and heated to a temperature 
of 2,000", the lime is reduced, and the liberated 
calcium combines wdth excess of carbon to form 
calcium carbide: 

PnO l-3(^ [-00 - 177,800 cal. 

650 tons of carbon and 875 tons of lime are 
required for producing 1,000 tons of commercial 
carbide. 

The successful manufacture of calcium carbide 
has been rendered possible by the development 
of the industrial electric furnace. Arc-rcsistanco 
furnaces in which healing is due partly to the 
resistance offered by the charge, and mostly to 
the sparking across the charge, arc employed in 
carbide manufacture. 

Both intermittent and continuous furnaces are 
employed. The former is known as the Ingot 
Furnace, as the carbide produced solidifies in the 
crucible and is obtained in the form of an ingot. 
The capacity of the furnace is small, and the 



heat and electrical efficiencies are low. The pro- 
cess is unsatisfactory also on account of the vary- 
ing quality of the product. 

The use of ingot furnaces has been practically 
abandoned in favour of the Hearth Electrode 
Tapping Furnaces of either non-continuous or 
continuous type, eiiher single phase or three 
phase. The single phase furnace has relatively 
low productive capacity and the power rating 
rarely exceeds 15,000 kw. Recent designs have 
closed tops through which a single electrode is 
sealed, thereby rendering possible the utilization 
of carbon monoxide produced in the reaction, 
either as a source of heat or as a chemical reagent 
for the production of ammonia, alcohol, and other 
industrial chemicals (Rogers, I, 480). In the 
single phase circular furnace designed by 
Miguet, the electrode consumption is 2— 4^^, 
current density on the electrode, 35—50 amp./sq. 
in., and energy consumption, 15- 3 0 kw.-hr. per 
lb. with an average efficiency of 60' v (Thorpe, 
II, 218; Perry, 2812). 

The more common carbide furnaces are of the 
three-phase type. The hearth is made of rectan- 
gular brazed heavy steel plates, lined with a re- 
fractory, over which is a thick bed of carbon 
composed of large baked electrodes joined toge- 
ther by pitch and covered by a composition of 
line coke and pitch. Carbon is perhaps the only 
refractory that withstands alkali and high heat 
inside the furnace. The side walls are also 
lined with a refractory. Modern furnaces are of 
large sizes and while furnaces of about 600 kv.- 
amp. rating are in use, those of 20,000 kv.-amp. 
are not uncommon. They are usually equipped 
with Sdderberg or continuous electrodes, posi- 
tioned by automatic electric hoisting or by hand- 
controlled electrical gear. As the electrodes are 
consumed, new sections arc brought into position 
and continuous production is ensured. Unlike 
fired graphite or graphitised carbon types, 
Soderberg electrodes are of the built up, in situ, 
self-baking type. 

The arc is produced by three suspended elec- 
trodes connected to a three-phase power supply. 
The electrodes are preformed baked carbons, 
round in shape for smaller furnaces, and square 
to rectangular, for larger ones. They extend to 
the centre of the furnace and are completely 
surrounded by the charge of lime and coke. As 
arcing occurs between the electrodes, the charge 
is heated to 1,800 — 2,000“ when the reaction takes 
place, and the molten carbide is tapped continu- 
ously through a fore hole into cast iron chill- 
buggies (Kobe, 239). 

The Soviet Nitrogen Institute is reported to 
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have developed a process for the production of 
carbide which does not involve the use of the 
electric furnace. According to a recent report 
(J. Indian chem. Soc., Industr. & News Kdiu 1 941, 
4 , 43), blast furnaces are employed and high grade 
ferrosilicon is obtained as by-product. Fuel gas 
suitable for synthesis of ammonia, methyl alco- 
hol, and motor fuel is also obtained. Th(? pro- 
cess has been worked out on a pilot plant scale. 

The treatment of carbide pigs requires special 
machinery. For use in acetylene production the 
ch'an ingots are broken into lumps first in jaw 
crushers and later in slow rolls to minimize dust 
formation. The pieces are screened to 2 in. size 
for large acetylene generatois, pea-size for 
miners’ lamps, and 16- 30 mesh siz(‘ for automo- 
bile lamps. For the production of sodium cyan- 
ide, the crushed carbide is passed thiough a 
pebble mill to yield a powder 80' ^ of which 
passes through a 40-mcsh screen. It is further 
powdered in a tube mill to Milled Carbide, 85' 
of which passes through a 200-mesh screen. The 
grinding is carried out in an atmosphere of 
nitrogen to prevent the formation of an explosive 
mixture (Ricgel, 301). 

A sheet-iron plant for making steel drums and 
air-tight cans for storing and transporting carbide 
is a necessary adjunct to the carbide factory. 
The standard packages are 100, 110, 200, and 220 
lb. net, and small tins containing 1 -25 lb. of 
carbide (Thorpe, 11, 219). 

The manufacture of calcium carbide is depen- 
dent on the availability of an abundant supply of 
cheap electric power. Norway and Sweden 
are the world’s largest producers of carbide. 

Manufacture in India 

The Easl(?rn Group Supply Council, .set up 
during the Wai’ to examiru' the supply position of 
heavy chemicals, averred that the only country 
under the Eastern Group with an exportable 
surplus of calcium carbid(? was South Africa. 
The Council's requirements were estimated at 
4,000-6,000 tons per annum, most of which was 
required for use in ship-repairing workshops. 
South Africa's output fell far .short ol the re- 
quirements, and the Council recomme^nded to the 
Government of India that a plant with a capacity 
of 10,000 tons of calcium carbide per annum 
should be set up. India was in a position to 
undertake the production. Limestone of suitable 
quality was located in C(*ntral India and coke 
conforming to the ri.*quirements was available in 
a particular seam of the Jharia coalfield. The 
power required could be drawn Irom the Jama- 
doba power station. 

A number of efforts have been made to produce 
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calcium carbide on a small scale. Wood charcoal 
has been employed in a few cases, but its use for 
large scale production is said to be impracticable. 
Messrs. Mysore Iron and Steel Co., Mysore, and 
hidustrial Chemical Co., Coimbatore, produced 
small quantities of carbide during World War II. 
There is at present no indigenous production of 
calcium carbide; Messrs. Birla Jute Manufacture 
mg Co. are setting up a 10 -ton/day plant near 
Calcutta (Information from D.G.I. & S.). 

Raw materials. — For commercial production, the 
requirements per ton of carbide arc: anthracite 
or coke, 0-7 ton; lime, 1-1 ton; coal pitch, retort 
carbon, and tar, 0-05 ton; and electric power, 
4,800 kw.-hr. 

Coke. — As anlhiacite is not available in India, 
coke is the only alternative worth considering. 
The coke required should be of medium hardness. 
It should be low in phosphorus, alumina, magne- 
sia, sulphur, silica, iron, and volatile matter. It 
i.s understood that Messrs. Krebs & Co., Zurich 
(Switzerland), have studied the possibility of 
using coke of 18-20Sf ash content. Due to the 
presence of iron oxide and silica in the a.sh, a 
poor quality carbide giving 4-15 c.ft. of acetylene 
per lb. is obtained. This is not a drawback if the 
carbide is to be used as a basic material for the 
rnanufacturc of chemicals. If carbide is required 
for the production of calcium cyanarnide, the 
resulting product will contain 15^f N which is 
low. 

Lime. — Lime should be added in the unslaked 
condition and should contain at least 92' < CaO. 
It should be low in phosphorus, alumina, magne- 
sia, silica, iron oxide, and sulphur. It should be 
dense and should not crumble to powder during 
any stage of carbide manufacture. Limestones 
occurring in Central Provinces and Central India 
have been examined by the Geological Survey of 
India and arc considered to be suitable for car- 
bide production. 

Retort carbon, coal tar and pitch. —Retort car- 
bon is used to reduce the ash content of the 
electrode paste. It is available from Digboi. re- 
fineries of Assarn Oil Co., and in small amounts 
from Oriental Gas Co., Calcutta, and Bombay 
Gas Co., Bombay. Coal tar and pitch of the 
required soccifications arc available in abund- 
ance. 

The phosphorus content of coke and lime should 
be low, as its presence leads to the production of a 
product containing phosphide which gives phos- 
phoretted hydrogen (phosphine. PH 3 ) with 
water. Phosphine is toxic and liable to sponta- 
neous combustion. Alumina and magnesia, 
especially the latter, increase the viscosity of 


molten carbide in the furnace and cause serious 
difFiculties in tapping and de-slagging. Silica and 
iron should be low to minimize ferro-silicon 
formation. 

Commercial carbide contains: CaC^ , 85; CaO, 
4; and C, 1%; it contains also small amounts of 
silicides, phosphides, and sulphides. The standard 
of quality for carbide is usually expressed in 
terms of c.ft. of acetylene per lb. of carbide 
(Rogers, I, 488). According to the I.S.D. Sp. No. 
G/Chemicals-23A (1935), the carbide should yield 
not less than 4*8 c.ft. of acetylene per lb. of car- 
bide at 15*5’, and the gas should not contain 
more than 0*06 'a by vol. of phosphoretted hydro- 
gen. The carbide should be supplied in the form 
of lumps between J in. and 3 in. overall size. 

Properties and Uses 

The chief applications of calcium carbide are in 
the manufacture of calcium cyanarnide, acetylene 
required in oxy-acetylcne welding, synthesis of 
solvents and organic compounds required in the 
pharmaceutical and dyestuffs industries, and 
manufacture of synthetic rubbers and plastics. 
It is also used in signal fires. Sodium cyanide 
used for the recovery of gold in the ore treatment 
process is manufactured from calcium carbide. 
As a dehydrating agent, calcium carbide is em- 
ployed in electrostatic work and in the food and 
solvent industries. It finds application in steel 
hardening, in the manufacture of graphite and 
hydrogen, and in the reduction of copper sulphide 
and metallic oxides (Gregory, 151). 

Imports 

The pre-War con.sumption of calcium carbide in 
India was about 4,200 tons per annum. During 
World War II, consumption rose to nearly 7,000 
tons. The ship-building and automobile industries 
arc likely to create a large demand for this mate- 
rial. The present requirements of the country 
are estimated at 7,000 tons per annum (Rep., 
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2-99 
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22-9 
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1947 48 

4-28 

18-9 
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6 -36 

26*2 

1049-50 

10-27 

53-1 



Panel on Heavy Chemical and Electro-chemical 
Industries, 194(5, 40). 

Table i gives the imports of calcium carbide 
into India. 

During the quinquennium ending 1938-39, 
about 1,052 tons were imported from Canada, 
1,400 ions from Japan, and the rest from South 
Africa and Norway. Calcium carbide is nov^ 
obtained mainly from Canada. 

Imports of calcium carbide arc subject (o a 
revenue duty of 30Vr ad valorem. 

Calcium carbonate 

Calcium carbonate, CaCO.,, forms a major 
constituent of the earths crust and occurs as 
massive beds of limestone, chalk, and marble, ll 
is the principal ingredient of egg-shells, mollusc 
shells, and corals. It is also found as dolomite in 
which a part of the calcium is replaced by mag- 
nesium. 

Chemically pure calcium carbonate is prepared 
in the laboratory by dis.solving chalk, marble, or 
calcined oyster shells in hydrochloric acid, oxidiz- 
ing the iron present to the ferric condition by 
oxidizing agents, precipitating the ferric oxide, 
alumina, and alkaline earth phosphates by 
ammonia or milk of lime, and finally precipitat- 
ing the calcium in the filtrate by ammonium 
carbonate. The precipitate is washed and dried. 

Calcium carbonate is obtained as a by-product 
in ammonium sulphate manufacture. When the 
plant of the Feitilizers & Chemicals, Travancore, 
Ltd., Alwaye, works at full capacity, the by pro- 
duct yield would be 18,000 tons oi calcium carbo- 
nate sludge per annum. About 300,000 tons of 
calcium carbonate slurry would be available as 
a by-product from the Sindri Fertilizer Factory 
when working at full capacity. 

Precipitated calcium carbonate of commerce is 
produced by reacting a boiling solution of calcium 
chloride with sodium caibonate, or by passing 
carbon dioxide into milk of lime suspension under 
controlled conditions. The properties of the pre- 
cipitated product depend partly on the form in 
which the particles are precipitated and partly 
on the purity of the material. It is possible 
to prepare grades of uniform particle size from 
below 0-5 /a diam. up to 40 /i diam. 

Precipitated calcium carbonate preparations, 
e.g., Suspenso, Calcene, and Aeromatt are used 
in paints and distempers, as base for body and 
face powders, and as filler and pigment in creams, 
lipsticks, ointments, salves, and skin preparations. 
Precipitated calcium carbonate adds strength and 
heat resistance to rubber. It is used as a filler in 
crayons, pencils, plastics, and cigarette paper, as 
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an ingredient of sizing compositions for ropes and 
twines, and of fire-proofing compositions, and as 
an adsorbent in explosives and match-head com- 
positions. It finds application in fermentation 
industries and in the production of printing inks. 
It is used as a source of calcium in dog biscuits 
and in poultry and stock feeds (Gregory, IT, GO; 
Wilson, Precipitated Calcium Carbonate, 1948, 
20 ). 

Calcium caibonate of the pharmaceutical grade 
is one of the best antacids for peptic ulcer and 
other conditions of gastric hyper-acidity. Its 
constipating action in large doses is taken advant- 
age of in the treatment of diarrhoea. Tablet or 
powder containing 0-G g. calcium carbonate and 
2 g. sodium bicarbonate is commonly employed 
as Sippy Powder. It is largely used in the pre- 
paration of tooth powder, a typical recipe being: 
precipitated calcium carbonate, 935; castile soap, 
50; saccharin, 2; oil of peppermint, 4; oil of 
cinnamon, 2; methyl salicylate, 8; and para- 
formaldehyde, 20 parts (U.S.D., 190). 

Calcium carbonate prepared by wet grinding 
and li?vigafing natural chalk, called Whiting, is 
used as an extender in the pigment industry. 
Whiting mixed with 18%' boiled linseed oil 
furnishes putty. Whiting finds use in the ceramic 
industry. 

Testiiuj. — Physical tests for precipitated cal- 
cium carbonate include colour, drop test, fissure 
point test, and flow point test (B.S.S. No. 1460, 
1948). Chemical tests include solubility and 
alkalinity. There are additional tests for pro- 
ducts required for special purpo.ses. They are; 
abrasiveness, calcite : aragonite ratio, viscosity, 
and sedimenlation. 

Calcium chloride 

Calcium chloride is widely distributed in 
naiure, but in small concentrations, as a consti 
luent of salini? matter dissolved in sea, spring, 
river, and lake whalers. Deposits of tachydrite 
and carnallite containing calcium chloride do noi 
occur in India. 

M.inufacture. — Calcium chloride is obtained in 
large quantities as i\ by-product in many manu- 
facturing processes, e.g., potassium chlorate and 
soda ash. It is also obtained by the action of 
lime on magnesium chloride. 

In the manufacture of potassium chlorate, 
chlorine is passed through lime slurry and the 
calcium chlorate thus formed is treated w'ith 
potassium chloride to give calcium chloride and 
potassium chlorate. Potassium chlorate is sepa- 
rated by fractional crystallization and the mother 
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liquor is evaporated lor the recovery ol calcium 
chloride. 

Large quantities of calcium chloride are present 
in the distiller waste of the ammonia soda process 
for soda ash manufacture. For every ton of soda 
ash produced, one ton of calcium chloride is 
obtained. The composition of the waste liquor 
varies according to the quality of brine and lime- 
stone used, the volume of feed liquor to be distil- 
led per ton of ash, the percentage decomposition 
in the towers, and the strength of milk of lime 
employed. Normally, 10—12 cu.m, of waste 
liquor containing 85—95 g./litre of calcium chlo- 
ride are obtained per ton of soda ash. 

The waste containing a small excess of free lime 
is carbonated by passing carbon dioxide gas. On 
allowing the solids to settle, calcium carbonate, 
magnesia, silica, and calcium sulphate .separate 
out. The supernatant .solution containing calcium 
chloride, .sodium chloride, and a small quantity 
ol dissolved calcium sulphate, is concentrated 
in a double-effect evapoiator when sodium chlo- 
ride with calcium .mipiiale crystallizes out. The 
liquor (.sp. gr., entering the fust evaporator 
is concenlrated to sp. gr., 1-22 and fed to the 
si?cond evaporator wheie it is further concentrated 
to sp. gr., 1*42, when practically al! the .salt settles 
out. A .small amount of Chloride of Lime is 
usually added to oxidize the iron pre.sent in solu- 
tion. The clear liquor contains 42-45^# calcium 
chloride and is known in commerce as Liquid 
Calcium Chloride. 

For obtaining the solid product, liquid calcium 
chloride is concentrated in cast iron pots until the 
product melts. The molten mass i.s pumped to 
steel drums, each of 650 lb. capacity, and sealed. 
The product known in trade as 75S' Calcium 
Chloride has the following composition: CaCl^,, 
73’6; NaCl, 1-4; insoluble matter, 0 08; water (by 
difference), 24 7; and alkalinity as Ca(OH)jj , 
014^.f. According to a recent method, the waste 
liquor from soda asli manufacture is concentrated 
to 75'.f calcium chloride in a single evaporator 
by using high pressure steam, thereby effecting 
considerable heat economy. 

Flaked Calcium Chloride is made by passing 
molten calcium chloride through a iiaking 
machine provided with revolving water cooled 
diums, as in the manufacture of flaked caustic 
.soda. 

Commercial anhydrous calcium chloride is pre- 
pared by heating 75% calcium chloride in a rever- 
beratory furnace fired by produo'r gas or oil, 
the molten mass being frequently raked during 
the operation. A .small quantity of calcium chlo- 
ride decomposes during the process into lime and 


hydrogen chloride; the latter during its escape 
causes the mass to become porous. The resulting 
fused mass is known as 95% Calcium Chloride. 
The cooled anhydrous pioduct, winch is somewhat 
fIuore.scent, is packed in steel drums or paper- 
lined wooden barrels of 350 400 lb. capacity and 
hermetically sealed. 

Powdered calcium chloride is manufactured by 
drying the granular calcium chloride in a rotary 
furnace heated by furnace gases. The coarse 
particles drop out at the lower end of the rotary, 
while tile dust suspended in the current passes 
out at the upper end and is recovered in a col- 
lector containing anhydrous, non-caking calcium 
chloride (llou, 253). 

Calcium chloride may be prepared by the 
action of lime on magnesium cliloiide whereby 
magnesium hydroxide and calcium chloride aie 
produced. The reaction mixture is (uthcr filtered, 
or .settled and the calcium chloiide solution is 
evaporated to obtain the solid pioduct. 

Calcium chloiide is also obtained as a by- 
product in the manufacture of ossein from bones 
and in the nianulacturc of superphosphate from 
rock phosphate, chlorine, and sulphur. These 
processes are of interest to India, as they indicate 
a possible outlet for by-product chlorine obtained 
in the electrolytic caustic soda industry. Calcium 
chloride? is obtained also as a by-product in the 
manufacture of chloroform from alcohol and 
acetone, and in the manufacture of sodium 
cyanide from calcium cyanamide. 

Manufacturk in India 

The production of calcium chloride by the 
double decomposition of magnesium chloiide and 
lime was started in 1941 by the Pioneer Magne- 
sia Works. Lid.. Kharaghoda. The capacity of the 
plant is 1,000 Ions per annum. Magnesium chlo- 
ride is obtained from the bitterns in salt pans 
after the removal of salt. Kharaghoda bitterns 
are particularly rich (4*5 /i) in rnagne.sium chlo- 
ride. Lime is obtained from Katni (C. P.). The 
reaction between magnesium chloride and lime is 
nearly quantitative at ordinary temperatures. 
The calcium chloride i.s separated from the pasty 
magnesium hydroxide by .settling and filtration 
as a 20% solution, and concentrated in open pans 
at about 160 ’ to 75% calcium chloride and packed 
in steel drums. The product has the following 
composition: CaCl2*-H20, 82*98; insolubles, 1*20; 
CaS04, 0-97; MgCU OHaO, 443; KCl, 1*39; 
NaCl, 2*3; and water, 6-73%. 1*5 tons of magne- 
sium chloride and 0*75 ton of lime (60% ) are 
required to produce one ton of CaCl^^^llgO. 
Magnesium hydroxide, which is the main by- 
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product in the process, can be converted into basic 
magnesium carbonate; lor this purpose it is neces- 
sary to have high purity hydroxide, and this is 
^■nsured by the use of good quality lime. 

By-product recovery from soda ash waste liquor 
has been undertaken by Messrs. Dhrangadhra 
Chemical Works, Ltd. Only a part of the calcium 
chloride is thus recovered, the capacity of the 
plant being 500 tons per annum. 

During World War II, The Mettur Chemical & 
Industrial Corporatwn. Ltd., produced calcium 
(‘hlorido as a by-product in the maiiuradure of 
potassium chlorate. A part of the calcium chloride 
solution obtained was utilized for the production 
of barium chloride, and the rest converted into 
75' f calcium chloride. 

Prodnctio7}. — The Pioneer Magnesia Works 
were the only producers of calcium chloride up to 
1945, the annual production being 249 tons in 1941; 
801 tons in 1942; 894 tons in 1948; 881 tons in 1944; 
and 791 tons in 1945 (Indian Tariff Bd., Rep. 
Calcium Chloride Industry, 1946, 8). The total 
production duriiig 1946 and 1947 was 818 tons and 
574 tons respectively oi which 68 — 64'< was pro- 
duced by The Pioneer Magnesia Works^ Ltd., and 
the i\*st by Dhrangadhra Chemical Wotks, Lu/., 
(Indian Tariff Bd., Rep. Continuance of Protec- 
Lion to the Calcium Chloride Industry. 1950, 
‘8). riij production during 1948 and 1949 was 948 
and 175 Lons rc^spcctively (riiformation I’lom 
D.G.I. & S.). 

The cost of production of calcium chloride at 
the Pioneer Magnesia Works, Lid., for trie yeai 
1948 was estimated at Rs. 17-1-7 pei cwt. and the 
fair selling price at Rs. 18-13-0 per cwt, Thi* 
Tariff Board has estimated fair selling prices of 
indigenous calcium chloride for the years 1950, 
195i; and 1952 at Rs. 14-11-2, Rs. 12-6-11, and 
Rs. 12-6-1 respectively, and the landed cost e.v 
duty of imported calcium chloride at Rs. 8-11-4 
during the same period (Indian Tariff Bd„ Rep., 
1950, 'll, 13). 

Consumption. The normal pre-War consump- 
tion of calcium chloride was aboul 900 ions per 
annum. During World War II, there was a heavy 
demand for the product. In 1943-44, the produc- 
tion reached 1,000 tons. The domestic demand for 
the years 1950-52 has been estimated at a maxi- 
mum of 1,500 tons per annum. 

Properties 'ind Uses. — Anhydrous calcium chlo- 
ride (sp.gr.^^", 2T5; m.p., 770— 80 ) is a highly 
deliquescent white solid. The lused salt is phos- 
phorescent. It forms a series of hydrates, tlu* 
hexahydrate btnng the most stable at ordinary 
temperatures. It is used ar. a dcsiccatiiig agent in 
industry and in the laboratory. Porous, granular 


calcium chloride, obtairied by diying at a tempera- 
ture slightly above 260', is a more efficient desic- 
cating agent Llian the fused .salt because the action 
is due to absorption rather lhan hydration. It is 
u.sed for drying gases and oigaiiic liquids such as 
ether and carbon disulphide. It cannot be used 
to dry ammonia gas as it uniti*s with tlie gas to 
form compounds such as CaClo’sNH.j. In the 
anhydrous form calcium chloride catalyses the 
reaction between calcium carbide and nitrogen to 
form calcium cyanamide. 

'Fhe largest use for calcium chloride is in re- 
frigeration and air conditioning. The product 
u.sed for this purpose should be fiee from magne- 
sium chloride. It is used also for ireeze-prooling 
end thawffng of coal, coke, si one', sand and ore, and 
for skid-proofing of roads. It i.', a good anti- 
freeze for Portland corrumt concrete and poster 
paste. It is also used in the leather industry, in 
the manufacture of cement-fibre boards, and in 
textile sizing. It is the starting material for 
precipitated calcium carbonate, calcium sulphate, 
and barium chloridi*. In .solution, it is applied 
for watering roads, for dust proofing, and sui faee 
binding. Leakage of air and (*xce.ssive W’ear iri 
operating tyres of heavy duty trucks, tractors, 
farm equipment, etc., which an* .lot fully inflated, 
are avoided by replacing air by calcium chloride 
.solution (J. sci. industr. Res., 1945-46, 4, 357), 
It has b(.‘en us(‘d in Australia in llu* pioduction 
of artificial rain (Rep. Progr. uppl. Chem., 1947, 
32, 122). Calcium chloride solution can be em- 
ployed for reclaiming salt water-logged soils 
(Allahabad Fmr, 1934, 8, 93). 

Calcium chloride (ind.s use in medicine. It is a 
local irritant. In generalized oedema, calcium 
chloride is employed as an acid-producing diu relic. 
A single intravenous injeelion of 0-25 g. is repoi t- 
I'd to relieve tubercular diarrho(‘a. Intravenous 
injection of caUiurn chloride is llie specific anti- 
dot(' for magnesium poi.soning. Renal colic 
responds to calcium injections. It should never 
be inj-'Clcd hypodermically and its intravenous 
use requires great caution c)wing to the danger 
of serious dopn^ssion of cardiac function. For 
injections a 5L solution in sterile uistilled W'ater 
is recommended (U.S.D., 191). 

Imports. — Since there w-as no piocJuclion of 
calcium chloride in India before World War If, 
the annual consumption tlion may t)(' laki'n to be 
equal to the quantity imported. Table 1 gives 
imports of calcium chloride into India. 

Almo.st the entire quantity comes from U.K. 
Imports from U.K. are subject to a prot(.‘ctive duty 
oi Rs. 3-4-0 per cwt., and those from other 
countries, Rs. 4-14-0 per cwt. 
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Calcium cyanamide 

Calcium cyanamide, CaCN o, is an iniDortanl 
alkaline nitrogenous fertilizer. About 5'f of the 
liitrogen consumed in world's agricultuial opera- 
tions is obtained from it (Collings. 87). It has 
been marketed under the trade names, Aero- 
Cyanamid, Lime-nitrogen, Nitrolim, and Nitro- 
lime. 

Raw materials— Cdliiimn cyanamide is obtained 
by passhig purified nitrogen (from air) over 
calcium carbide heated to 1,000-1,100'’ in nitri- 
fying ovens using calcium lluoride as catalyst. A 
continuous nitrifying oven similar to HerreshofI 
furnace is used in Sweden. The reaction takes 
[dace according to the following equation: 

CaC.j -fNo ► CaCN^j C-t-72,700 cal. 

After the completion of the reaction, the ma.ss is 
cooled and pulverized. Water is added to de- 
compose free carbide if present and to hydrate the 
lime. Mineral oil, to the extent of about 4^/^, is 
Mimetimes added to prevent tiic product from 
crumbling to dust. A granular product preferred 
by farmers, is obtained by mixing the material 
(without added oil) with a binding material and 
granulating the mixture (Kobe, 242). It is graded 
between 12- and 100-mesh with <2% passing 
through 100-mcsh. 

For successful production cheap power, high 
purity lime, and low-ash coke are required. To 
inoduee 9,100 lb. of commercial fertilizer contain- 
ing 22% nitrogen, 10,400 lb. limestone, 3,500 lb. 
coke, 2,000 lb. coal, 9,000 kw.-hr. power, and 15 
man-hours of direct labour are required (Shreve. 
391). 

Properties and Uses . — About 75/^ of the»*vorld’s 
calcium cyanamide production is used as ferti- 
lizer. The grade used has the following approxi- 
mate composition: CaCNo, 63 0; CafOlI)^, 17*0; 
free carbon, 12; and limestone impurities, 4',v. A 
dusting grade is sold in U.S.A. as a herbicide and 


defoliant to kill broad-leafed weeds. Cotton 
plants are dusted with calcium cyanamide before 
picking the bolls. The plant sheds the leaves 
and mechanical picking of cotton is thereby facili- 
tated (Collings, 93). 

The high consumption of electric power, 
the high capital investment per ton of nitro- 
gen, and the difficulties of handling raw 
materials, are disadvantages which have hamper- 
ed the development of the cyanamide industry. 
Intensive research by existing large plants for 
developing new products based on cyanamide, 
non-competitive with ammonia, have led to the 
adaptation of plants for the manufacture of 
ammonia, cyanides, urea, free cyanamide, 
melamine, and other organic products Jiot other- 
wise obtainable (Kobe, loc. cit.). 

There is at present no production of calcium 
cyanamide in India. The Mysore Government are 
stated to have sanctioned a scheme for manufac- 
turing 25,000 tons of nitro-lime (Indian Tr. Bull., 
1949, 5. 988). 

Calcium cyanamide is imported into India free 
of duty. 

Calcium gluconate 

Calcium gluconate, employed in medicine for 
the treatment of calcium deficiency, is an import- 
ant article of commerce. It is used in the form 
of pastes and powders, and it is a constituent of 
many proprietary medicines for the treatment of 
debility, low vitality, and susceptibility to disease. 

Manufacture . — Glucose can be oxidized t'o glu- 
conic acid by using halogens as oxidants, or by 
pa.ssing a direct current through glucose solution 
containing a small quantity of sodium bromide 
and isuspended calcium carbonate. In the latter 
case calcium gluconate is obtained From the 
commercial standpoint, the fermentation processes 
are of interest and have largely superseded the 
electrolytic processes (Industr. Engng Chem., 
1929, 21 , 1198; 1940, 32 , 107, 1379; Mfq Chem., 
1945, 16 , 239). 

In the fermentation process developed by the 
Council of Scientific and Industrial Research, 
India, cane-sugar, pur, or molasses is employed in 
place of glucose as raw material. Molasses is 
abundantly available in India and is cheaper than 
commercial glucose. The yield obtained is more 
than 80V< of the theoretical. An electrolytic pro- 
cess for the production of calcium gluconate from 
cane sugar solution has been worked out on a pilot 
p’ant scale (. 7 . sci industr. Res., 1943- -44, 2 , 214; 
Balasundaram et al., Sci. & Cult, 1949-50, 15 , 483). 

An enzymic method for the production of 
calcium gluconate has been recently patented 



(Indian Pat. No. 39441, 1948). The raw materials 
required are: fiiuco.:c (10 — 15'#' solution) and 
calcium carbonate?. The enzyme is prepared from 
ibe fungus mat of Aspergillus nkjer obtained as a 
waste product in the fermentative process loi 
citric acid manufacture. The fungus is washed 
free from spores, and the mycelium giound to a 
fine paste in a granite end-runner mill. The paste 
formed may b(? used directly in the wet condition, 
or it may be dried in a vacuum desiccator at 
room temperature or by repeated washing with 
acetone. A 10— IS'v glucose solution is used as 
substrate. 4— O'J calcium carbonate and 7— 10',<' 
ground mycelium (fresh wcMj^ht) arc added. The 
mixture is placed in a tall vessel, layered with 
toluene or paratlin as antiseptic, and vigorously 
aerated. Complete oxidation of glucose lakes 
place in 4-- 6 days, and when the test for reducing 
‘•'Ugar is negative, aeration is stopped and the pro- 
tein matter coagulated by boiling foi' a short 
period. The solution is tilLcred and evaporated in 
vacuo till crystals of calcium giuccnate appear. 
On cooling, calcium gluconate separates out. A 
further crop ot crystals may be obtained from the 
mother liquor b> further evaporation and addition 
of alcohol. The yield of puu' calcium gluconate 
is at least 60% of the weight of glucose used. 

The iTic^thod is claimed to have the following 
advantages over the normal fermenluiicm process. 
(1) extreme simplicity, (2) utdization of waste 
fungal mycelium from citric acid ferinentation, 
and (3) avoidance of side reactions with conse- 
quent increase in the yield of gluconic acid. 

Properties and Uses . — Calcium gluconate occurs 
as a white, tasteless, odouiiess, crystalline or 
gi anular powder. One gram of calcium glucfinate 
dissolves in 30 c.c. of cold water and in about 
a c.c. of boiling water. Although not very soluble 
in water, it r(?:adily forms super-saturated solu- 
tions in which form it is used for injection. As 
dust ji any extraneous matter is likely to preci- 
pitate ihc solid, stabilizers are addeii to prevent 
precipitation during admirusti alien or stoiagc. It 
is insoluble in alcohol and many organic solvents. 

The important applications of calcium gluco- 
nate arc in medicine. It can be given in large 
doses by mouth or by intravenous or iniianiuscu- 
lar injection. It provides a means of obtaining 
the physiological actions of calcium ion in 
counteracting calcium deticiency. Int ravenous 
administration is advocated as a piophylactic and 
as a therapeutic agent for poisons like carbon 
tetrachloride and DDT. It is an oral antidote for 
fluorine and oxalic acid poisoning (U.S.D., 193). 
It can rcjlace fruit acids wi!h advantage in fruit 
jelly manufacture and in baking powders. It is 
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also useful in the preparation oi iiomogeneous 
pastes such as dentifrices ana polishing agents 
(Thorpe, II, 297). Several combinations of cal- 
cium gluconate and other calcium salts are 
marketed as proprietary preparations. 

Production.— The noimal annual demand for 
calcium gluconate in India is 90,600 lb. and a 
major part of this quantity is imported into the 
eounPy. The indigenous produciion is estimated 
to bo 500 lb. 

Calcium hypochlorite 

Calcium hypochlorite, Ca(OCl)o, is used as a 
bleach, disinfcctwint, and oxidant. It possi^sscs the 
following advantages over bleaching powder: (1) 
free ilowing, (2) greater unifoiinity, (3) non-deli- 
quesccnce, (4) fa'-’ter solution rale, (5) less inso- 
lubles, ((i) greater stability, (7) nigher available 
chlorine, (8) less corrosion, and (9) suilabiJily for 
better packaging. 

Calciun’: hypoclilorilc was first produced in 
Germany in 1.923 and shortly thcroalter in U.S.A. 
It is now produced under the trade names, Pitt- 
chlor. High Test Hyp; chlorite (HTII), Perchloron, 
Maxochlor. etc. 

It is produced commercially by chlorinating 
lime slimy or a mixture of lime and caustic soda, 
or by neutralizing a solution of hypochloious acid 
with lime at low lemperaUirc. The lesulting solu- 
tion of calcium hypochloiite is spray dried, or 
concentrated by evaporation in vacuo and dried. 

Th(?]e has been no production of calcium hypo- 
chlorite in India so far. India imported 11,520 
tons of bleaching powder valued at about Rs. 39 
lakhs, in 1948-49. This amount can be replaced 
by hypochlorite produced in India. The minimum 
quantity of hypochlorite required may be esti- 
mated at 6, ()()() tons per annum. There is sufTicient 
scope for setting up at least 2 plants each of 
10 tons daily capacity. A plant with a capacity of 
4*5 tons calcium hypochlorite per day is to be 
shortly set up in India [7. & S. Bull, 1949, 2(4), 
141. 

U.S.A. is the main producer of calcium hypo- 
chlorite. Production in 1947 was 10,955 short 
tons [Oil Paint Drug Rep., 1949, 156 (12), 40], 
wdiile the produciion of bleaching powder in the 
same year was 24,129 short tons. The principal 
uses of calcium hypochlorite in U.S.A. are 
approximately as follows: laundry, 50^,^; dairies 
and bakcp^es (washing udders, pails, walls, 
equipment, containers), 23' chicken and 
cattle (sterilization, dusting of stock for fungus), 
2%': sugar refining (bleaching), 5'7 ; water works 
and swimming pools (disinfecting and deodoriz- 
ing), 12%; and miscellaneous (general sanita- 
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lion, vegetable treatment, rug washing, breweries 
and wineries, hospitals, etc.), 8';. The cost of 
production in U.S.A. is estimated at $ 0*047 per 
lb. (SO'a chlorine) and the capital cost for a 
plant producing 6 tons per day is estimated at 
$ 350,000. 

Calcium lactate 

Calcium lactate, ('a((\,H 5 ()) *511^.0, is the most 
important salt of lactic acid on account of its 
pharmaceutical applications. It can be directly 
obtained from lactic acid fermentation (With 
India, Pt. I, 29). Lactate of B. P. quality is 
prepared by the interaction of dilute lactic acid 
and calcium carbonate or by neutralizing lactic 
acid with calcium hydroxide, boiling to hydro- 
lyze any calcium lactyl lactate, and finally pre- 
cipitating excess calcium as carbonate by carbon 
dioxide (Eder & Biichi, Pharm. Acta Helt;et., 
1931, 6, 118). Calcium lactate has been produced 
by the fermentation of non-denatured milk 
(Prescott & Dunn, 415). 

Calcium lactate is being produced in India by 
Messrs. Calcutta Chemical Co,, Ltd,. Calcutta 
(annual production capacity, 10 tons), and 
Messrs. Sarabhai ChemicalSy Ahmcdabad (annual 
production capacity, 48 tons). The latter has 
plans to raise the production to 60 tons per annum. 
Recently, the existing revenue duty at 36V< 
ad valorem (standard) and ad valorem (pre- 
ferential) on calcium lactate has been converted 
into a protective duty at the same rates [India)? 
Tr. Bull., 1950, 6(17), 39], 

The raw material employed is molasses or jag- 
gery or mahua flower juice. A solution contain- 
ing 10% sucrose is fermented with Lacto- 
bacillus bulgaricus, or L. delbruckii or other 
suitable Lactobacillus in large wooden vats 
equipped with coils for steam heating or water 
cooling and an agitator. The contents arc steri- 
lized by boiling and cooled before inoculating the 
organism. On completion of the fermentation, 
which takes 7—10 days, the liquor is clarified by 
super-phosphate of lime. The lactic acid is 
converted into calcium lactate by the addition of 
lime to the required pH. The mash is filtered, 
treated with active carbon, filtered, and evapo- 
rated to sp. gr., 11 -l ^, when calcium lactate 
crystallizes out. A temperature not exceeding 
15” is maintained. The first crop of crystals is 
dark; it is purified by repeating the active car- 
bon treatment and filtering. At ordinary tempe- 
rature calcium la^'tate crystallizes in large cauli- 
fiower-likc masses. Crystallization is repeated 
until a product of the desired parity is obtained. 

Uses. — Calcium lactate is extensively used in 


the treatment of calcium deficiency. It is said 
to be preferable to other calcium salts in the 
treatment of tetany. A mixture of approximately 
equal parts of calcium lactate and potassium 
chloride is effective in migraine and along with 
ni:otinic acid, it has been used in urticaria 
(H.S.D., 198). As administration of calcium salts 
by injection is being increasingly adopted, the 
comparatively low-soluble calcium lactate is 
less favoured in calcium therapy; its use in 
various forms of oral medication, however, conti- 
nues to be popular. It is used as a blood coagu- 
lant in the treatment of haemorrhages and is 
administered to patients prior to dental opera- 
tions to inhibit bleeding. It is an ingredient of 
baking powders and bread. 

Production. — The production of calcium lac- 
tate in India during 1.949 was about 11 tons (In- 
formation from D.G.I. & S.), which is reported to 
be 21*9% of the lequirements {Eastern Econ., 
1950, 14 , 514). Though the raw materials re- 
quired for the production of calcium lactate are 
available in abundance, the cost of production is 
higher than that elsewhere on account of the un- 
economical size of operations. Commercial lac- 
tic acid does not command a good market in 
India, only a small quantity of the acid being 
requii‘ed in the tanning industry. Until the uses 
for lactic acid are expanded, the production of 
lactic acid has to be sustained mainly by the 
sale of calcium lactate for pharmaceutical pur- 
poses. 

Calcium nitrate 

Calcium nitrate, sometimes called Norwegian 
Saltpetre, was the first synthetic nitrogenous fer- 
tilizer to be put on the market. It has not, how- 
ever, proved to be entirely satisfactory for this 
purpose. At the beginning of World War II, it 
accounted for about 8'f of the nitrogen con- 
sumed in w^orld’s agriculture (Collings, 84). It 
is manufactured mainly in Europe. 

Calcium nitrate is obtained by the treatment 
of nitric acid with lime or calcium carbonate. 
Ammonium nitrate is added to the reaction mix- 
ture to facilitate the crystallization of the salt 
and the solution evaporated to dryness. 

Calcium nitrate is hygroscopic, and has to be 
packed in air-tight wooden kegs. Granular cal- 
cium nitrate free from dust is a commercial 
product. It contains about 15-5/v nitrogen, 
which is immediately available to plants and is 
best suited for application to alkaline soils. 
Sodium nitrate is produced in Norway from cal- 
cium nitrate by passing an aqueous solution of 
the salt through sodium zeolite and revivifying 
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the calcium zeolite by flushing with sea water 
(Collings, 38). 

There is no duty on imports of calcium nitrate 
for manurial purposes. 

Calcium oxide —iee Lime 

Calcium phosphate — .see Fertilizers 

Calcium soaps — see Lubricating oils & greases 

Calcium sulphate 

Calcium sulphate occurs in two forms, gypsum, 
CaSO^ • *211^0 and anhydrite, CaSO^. The former 
IS more frequently met with than the latter (For 
occurrences of the mineral, see Gypsum). 

Calcium sulphate dihydrate, CaSO^- 21120, is 
obtained as a by-product in many industrial ope- 
rations, e.g., in the manufacture of phosphoric 
acid from rock phosphate, ossein from bones, and 
organic acids from their calcium .salts by decom- 
position with sulphuric acid. It can be recovered 
from sea brine as a by-product of salt manufac- 
ture. Calcium sulphate required for special 
purposes, such as for use in dentifrices, is pre- 
pared by the action of alkali sulphates on soluble 
calcium salts. 

Attempts are now being made in India to 
obtain gypsum as a by-product of the salt in- 
dustry. The model salt factory at Trivandrum, 
and the Mettur Chemical and Industrial Corpo- 
ration, Ltd,, at Adirampatnam (Dt. Tanjore), 
recover calcium sulphate as a regular practice. 
In the Travancorc model salt factory, gypsum is 
recovered from the second s(?t of condensers 
where brine is concentrated from 12 Be. to 
Be. At the beginning of the season, tb^ 
beds of the condensers are tamped and the 
gypsum, which sc'paralc’s out and collects as a 
crust on the beds after all the brine is drained 
out towards the close of the sea.son, is dried and 
collected by raking. The crude gyp.sum, con- 
taining 80S (‘aSO^ •211./), is agitated with water- 
in a cement cistern 3 or 4 times, to remove the 
adhering clay, and the clean crystals dried on 
bamboo mats. The yield of crude gypsum is 
reported to be about 7 tons per acre of the area 
covered by high density conden.sers (12- 23 ’ Be.), 
and that of washed gypsum (CaS 04 - 2 Il 20 , c. 
7*74V^ ), 4 tons. The Digvijaya Singhji Salt Works, 
Jamnagar', and the Karidla Salt Works, Kandla, re- 
cover gypsum to a small extent while recondi- 
tioning the condensers. The total quantity of 
gypsiim recoverable as a by-product from Indian 
salt works is estimated at c. 100,000 tons per 
annum. 

Uses . — When gypsum (sp. gr., 2-31) is heated to 
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100“, the hemihydrate, 2rji SO^ IlgO (sp. gr., 2-7), 
is formed. Heating to 200 -250 is nece.ssary to re- 
move all the water. The anhydrous salt fuses at 
a red heat without decomposition and crystallizes 
on cooling. Hydrated calcium sulphate is 
sparingly soluble in water*, the maximum solu- 
bility being reached at 35' when 1 part of it dis- 
solves in 393 parts of water, the solubility at 0" 
being 1 in 488 parts, and at 100", 1 in 460 parts 
(Thorpe, II, 232). It may be precipitated in a 
gelatinous form by the addition of alcohol to 
an equal volume of a saturated solution of the 
salt. 

The largest use of gypsum in India is in the 
manutacturo of ammonium sulphate. The Fer- 
tilzers and Chemicals, Travancore, Ltd., Alwaye, 
is estimated to consume c. 50,000 tons of calcium 
sulphate per year when the factory is in full pro- 
duction. The Sindri Fertilizer Factory would 
require c. .500,000 tons of gypsum. Gypsum is 
used as a retar'der in the production of Portland 
Cement for which 75,000 -100,000 tons of gypsum 
are annually required. Suitabh^ process(?s have 
been worked out for the production of sulphuric 
acid from gypsum. Calcined gypsum, as Plaster 
of Paris, has many uses in industry. Calcined 
gypsum is also employed as a building material 
and cement. 

Among oth('r uses of calcium sulphate may be 
mentioned manufacture of paints, polishing 
powder, artificial ivory, and size material for 
dyeing and calico printing. It is also used in 
baking powders and self-raising flours. An- 
hydrous calcium sulphate obtained by calcining 
gypsum to 230 250“ is a valuable dehydrating 
agent in the laboratory for gases and organic 
liquids. The hemihydrate formed can be readily 
dehydrated and n'-used. Calcium sulphate can 
also be used for the reclamation of alkali soils, 
but the reclamation is temporary and owing to 
the necessary repeated dressings, it is expensive 
(Allahabad Fmr. 1934, 8 , 94). 

Pi.ASTKR OF Paris 

Plaster of Paris, calcium sulphate hemi- 
hydrate ( 2 (’aS 04 •H 20 ),is obtained by calcining 
gypsum in shaft kilns, chamber ovens, battery 
ovens, rotary kilns, batch kettles, continuous 
kettles or hot mills (B.l.O.S. Rep., No. 1490, 32). 
The conversion is accomplished commercially 
by two general methods. In the first method, 
finely ground gypsum is heated in a kettle or 
vertical cylinder with a concave bottom, equipped 
with a stirrer. The kettle is made in sections, so 
that the bottom, which burns out easily, may 
be replaced. It is heated by direct heat over a 
fire. 7 -12 tons of gypsum are processed in one 
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batch. Any water which is not in chemical 
combination passes out accompanied by agitation 
of the powder giving the appearance of boiling. 
When the transition temperature of the dihy- 
drate is reached, water escapes and the contents 
of the kettle again appear to boil. The tempera- 
ture is carefully watched and held below 170''. 
except with low-grade materials when it may be 
raised to 200 . At the end of the operation, the 
eontonts are run from a side door near the 
bottom into a fire-proof pit. After cooling, the 
product is ground, screened, and packaged. 

In the second method, coarsely ground and 
dried rock gypsum is heated in a rotating kiln, 
both externally and internally by furnace 
gases. The hot and pai tially dehydrated material 
IS discharged into concrete bins lined with fire- 
brick. A part of the water is removed in the 
kiln and the remainder escapes from the stored 
material leaving the hemihydrate. The calcined 
product is cooled rapidly by passing air through 
it and the cooled product ground and screimod. 
This proce.ss may be carried out as a continuous 
operation. 

A low water demand (or low consistency), high 
strength plaster of Paris of definite and controll- 
able crystalline dimensions is obtained by auto- 
claving for one hour or more, a slurry of Terra 
Alba (finely ground gypsum) in the presence of 
about soluble succinate, malate, citrate, 

or malcate, removing the watei', and regrind- 
ing the product (Eberl & Ingram, Industr. Engng 
Chevi., 1949, 41 , KKil). If the healing of 

gypsum is carried out at 2i5() -500’, anhydrous 
('aSO, is obtained. The product takes up water 
but slowly. However, a few crystals of gypsum 
are usually present to serve as nuclei for the 
formation of dihydrate. 

The Indian bidnstry. — Plaster of Paris, pro- 
duced in large quantities in India, is of .some- 
what inferior quality. The manufacturing pro- 
cess is wasteful. The raw material is burned in a 
shed enclosed on three sides by brick or stone 
walls and covered by a tiled roof. Large 
pieces of gypsum are arranged on the floor to 
fuiiT^ a series of small arches parallel to the main 
walls of the shed; pieces of gypsum arc stacked 
on the arches, the larger ones at the bottom, 
tiie size gradually decreasing with the height. 
Wood is heaped in the arches and lighted; the 
hot gases rising through the interstices between 
the lumps heat the mass driving off the water of 
hydration. The resulting product is not homo- 
geieous as the bottom layers are exposed to a 
higher temperature than the top ones. 

Plaster of Paris of good quality is manufac- 


tured by Me.ssrs. Ilamani Works Ltd., Belgharria, 
Mo.ssrs. hidian Mineral Industries Ltd., Calcutta, 
Capital Industries, Delhi, and Government Proce- 
lain Factory, Bangalore. 

Properties and Uses. — When plaster of Paris is 
mixed with water, it .sets to a hard mass. Pure 
plaster of Paris normally hardens or sets within 
5 — 15 min. after mixing with water. The setting 
rate is slow if the gypsum from which the plaster 
is made contains impurities. For building pur- 
poses, the plaster must be slow-setting. For 
ornamental use, the product should be white. It 
is a common practice to add retarders such as 
glue, saw dust or blood to plaster before market- 
ing. Artists and modellers generally mix gum 
acacia, glue or lime .soap for retardation. Sodium- 
chloride is added to accelerate the setting. 

Plaster of Paris is used in hospital work mainly 
for providing mechanical support or to immobi- 
lize various parts of the body, as for instance, in 
fractures and sprains. Plaster jackets are used 
to support the thoiax in tuberculosis of the 
spine. Bandages saturated with dry powder are 
dipped in tepid water at the time of application. 
Dry calcium sulphate is recommended as an 
absorbent dressing in wounds, foul ulcers, etc. 
(U.S.D., 1379). 

Building plaster comprising le.ss pure and 
coarser grades, is employed for plastering. Re- 
tarders are not usually added. Building plaster 
IS used also in the manufacture of gypsum slabs, 
plates, blocks or bricks. Plates are reinforced 
with reeds oi* wood laths or steel rods. They are 
fire-resistant, and are used for transformer 
buildings and pre-fab houses (B.I.O.S. Rep. No. 
603). Light-weight foamed gypsum .slabs, with 
ground chalk and aluminium sulphate as foaming 
agents, find use in building construction. Gypsum 
bound wood wool slabs are made by using plaster 
of Paris; a retarder is usually added to conform 
to the setting time schedule. 

Gypsum calcined to high temperatures is used 
as plastering material both for undercoats and 
finishing coats in building construction. It can 
also be used to make slabs and bricks. What is 
known as Keene's Cement is made by burning 
gypsum at red heat, cooling, and impregnating 
the material with alum solution and heating again 
to a high temperature. Its use is restricted to 
tile work and casting ornamental work. Hard 
burnt gypsum is used for door facings, window 
sills, and floors. 

Pure and finely ground calcined gypsum is 
used for casting and moulding purposes. A finely 
ground product of high purity is required for 
use as dental plaster. 
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The following tests are prescribed to assess the 
suitability of dehydrated gypsum for building 
materials and cement: (1) sieving, (2) setting 
time, (.‘^) (expansion on setting, (4) compressive 
strength, (5) spread on Southard viscometer, (6) 
specific surface, (7) rate of hydration, and (8) 
general chemical analysis. 

Iiriports. — Table 1 gives imports of gypsum 
cement, including burnt gypsum and plaster of 
Paris, into India from U.K. 

CAMPHOR 

Camphor, (^,(,Hio(), h white crystalline solid 
with characteristic aroma, is obtained mainly 
from Cinnamomum camphora, growing extensive- 
ly in Formosa, Japan, China, and Cochin China. 
Camphor is a constituent of a number of essential 
oils such as those from sassafras leaves {Sassafras 
officinale), cinnamon root {Cinnarnomuvi spp.), 
spike {Lavandula latifolia), rosemary {Rosemari- 
nus o^icinalis), and sage {Salvia officinalis) 
(Fuller, 608). It has a pungent aromatic taste 
follow^ed by a sensation of coldness. It burns 
with a bright smoky flame, volatilizes at ordinary 
temperature, and sublimes when heated. 
Camphor has been synthesized, and large 
quantities of the synthetic product are now pro- 
duced in U.S.A. and IJ.K. 

Camphor trees are cultivated in Australia, 
Italy, Algiers, California, and Florida, Experi- 
mental cultivation has been undertaken in India, 
Burma, Ceylon, Malaya, Java, West Indies, and 
East Africa, mainly with the idea of producing 
camphor from the leaves. The cultivation of C. 
camphora in India has given encouraging results, 
though at present Indian camphor cannot compete 
in price with the imported product (Howard et 
al., Indian For. Rec.j 1928, 9, pt. 7). 

Prior to World War II, Formosa was the world’s 
principal producer accounting for 80S' of the 
supply of natural camphor, the remainder being 
obtained mainly from Japan and China. The 
industry was under the control of the Japanese 
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Government, and through planned exploitation of 
the trees and systematic replanting, it was possi- 
ble not only to maintain supplies but also to 
enhance production. In China, on the other 
hand, uncontrolled exploitation led to a fall in 
output. The annual world production of natural 
camphor is about 5,000 tons. 

In Formosa, camphor is dcnivi'd mainly from 
two varieties of C. camphora locally known as 
Hon Shu and IIo Shu. The wood of the former, 
the most widely distributed of the camphor tr(*es, 
on steam distillation yi(dds approximately 0*8S' 
crudt? camphor and I GS oil containing 5()S dis- 
solved camphor. Ho Shu is distinguished from 
Hon Shu by the sweet odour of the wood and 
leaves. On steam distillation, the wood yields 
about 2-4S oil but no solid camphor. The oil 
contains c. 25S l-linalool and 35 -40S camphor 
in solution {Schimmel Rep.. 1946, 5). 

Camphor formation is brought about through 
1h(^ agency of an enzyme present in the growing 
parts of the tree, particularly in the ti.ssue within 
the cambium region. Each layer of wood, as it 
is formed, is enriched by camplior. Roots, trunk 
and large branches from 40- 50 yt*ars old tiees 
are us(*d for distillation. 1 lb. of camphor is 
obtained from 20—40 lb. of chipped material, the 
average yield per tree being about 11 lb. (Denston, 
538; IJ.S'.D., 205). 

In the manufacture of natural camphor, the 
essential oil is first obtained by steam distillation. 
Both in Japan and Foirnosa, the distillation is 
(‘airied out in tlu' plantations. Trunks, roots and 
large branches of felled trees are chipped and 
charged into crude earthen stills with perforated 
false bottoms. The stills aie cooiiecled through 
bamboo pipes to water-cooled condensers and 
h('atc*d in a steam or water bath. The steam 
during its passage? through thi' charge carries 
with it the oil and camphor and the volatile pro- 
ducts an* collt*ct(*d in a wat(*r-cooled receiver. 

For recovering the camphor from the distillate, 
a number of devices are employed. In one, the 
upper portion of the air-tight water-cooled con- 
denser is filled with clean rice straw on which a 
part of the camphor deposits, the oil (Oil of 
Camphor) dripping down along with the water 
being collected in a receiver. Alternatively, the 
oil and camphor arc collected in the receiver 
along with the condensed water. The oil is 
separated and cooled when a part of the crude 
camphor separates out and is collected by filtra- 
tion. In yet another method, the ix'ceiver is 
changed when most of the terpen(*s distils over 
and crude camphor is collected in a separate 
receiver. 
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The practice in China is to boil the comminuted 
plant material in water under stirring until 
camphor adheres to the stirrer. The liquor is 
strained and cooled when crude camphor 
separates out. 

In 1941-42, when supplies of camphor to Britain 
from Japan were cut off, the East African Agri- 
cultural Research Institute set up a factory at 
Lushoto, Tanganyika, for producing camphor 
(Hill, E. Afr. agric. J., 1946, 11 , 148). The raw 
material was obtained from plantations of C. 
camphora established in ICast and West Usambara 
Mountains some thirty years before. The 
camphor trees were felled, stripped of leaves and 
twigs and cut into billets. The leaves, twigs, and 
billets were chipped and charged into steel stills, 
6 ft. diam. x6 ft. high. Saturated steam was admit- 
ted to the stills under a pressure 80-100 lb. per 
sq. in. and distillation was continued for about 
six hours, though the bulk of camphor distilled 
over during the first two hours. The camphor 
deposited on the inner walls and bailies of the 
condenser was scraped out, and additional solid 
camphor collected on wire strainers from the oily 
condensate floating on the water in the receiver. 
The oil was transferred to a separating tank for 
the removal of admixed water. No effort was 
made to recover additional camphor from the oil 
by freezing or distillation. The average yield 
per acre of felled trees was 3,680 lb. of solid 
camphor and oil (Schimmel Rep., 1946, 8). The 
cost of production, not including the cost of 
growing the trees, was estimated at 2s. per lb. 
of crude camphor. In January 1943, the value of 
the crude camphor as received in London was 
estimated at 5s. 5d. per lb., and of crude oil 
at 6d. 

Crude camphor contains 2*1 -2’9' r camphor oil 
besides moisture and other impurities. For refin- 
ing, the crude material is mixed with about one- 
fiftieth of its weight of quick lime and heated in 
iron vessels to about 100 ' to eliminate water and 
volatile oil. On further heating to 175- 200°, 
camphor sublimes and collects in the form of a 
block on the cone-shaped lid of the vessel. The 
block is taken out and cut into slabs each weigh- 
ing c. 2i Ib. giving the BB Camphor of commerce 
(U.S.D., 205). In another process, the crude pro- 
duct is charged into a still connected to a large 
cooled receiver and heated when camphor sub- 
limes and condenses in the form of small detached 
crystals or Campnor Flowers (Denston, loc. cit.). 

BB Camphor contains c. 99-4/v camphor. 
About a third of the product is subjected to fur- 
ther refining through sublimation after adding 
quick lime to eliminate traces of water. The 


slabs of Refined Camphor so obtained contain 
99-6'^ camphor. Refined Camphor Powder 
(99*7^, f camphor) is made by blowing dry air 
through molten crude or BB Camphor and con- 
densing the vapour. 

Dis.solved camphor separated from Hon Shu oil 
by fractional distillation, crystallizes from the 
fraction distilling at 380 — 3.90 ’F. at 6 mm. pres- 
sure. This product is referred to as Reprocessed 
Camphor and is used for the preparation of BB 
Camphor and Refined Camphor (Schimmel Rep., 
1946. 6). 

The crude oil obtained after separating the 
camphor is fractionated through distillation into: 

(1) light fraction, collected up to about 200’; 

(2) middle fraction collected between 200" and 
230" and consisting chiefly of camphor; and (3) 
heavy fraction collected above 230" (Denston, loc. 
cit.). 

The light fraction or White Oil (sp. gr., 
0*875 — 0‘9()0), contains mainly cineol, limonene, 
and pinene. It is soluble in ether and chloroform 
and is used as a turpentine substitute and as an 
ingredient of soaps, polishes, varnishes, pharma- 
ceutical preparations, and cleaners. The heavy 
fraction, known as Brown Oil (sp. gr., 
1*018 — 1*026), contains mostly safrole and smaller 
amounts of tcrpineol and sesquiteipenes. Safrole 
is crystallized by refrigeration and used in the 
preparation of heliotropin required in perfumery. 
From the residue obtained by direct lire distilla- 
tion, Blue Oil containing mainly sesquiterpene 
alcohols is obtained. Another important by- 
product is IIo Oil, obtained from the camphor 
fraction of Ho Shu oil. Ho oil is a valuable per- 
fume material as it contains a large proportion 
of l-linalool and some geraniol (Schimmel Rep., 
1946, 7). 

Natural camphor is not produced to any con- 
siderable extent in India. An area of about 8 
acres in the Hallakarai Estate in Nilgiris carrying 
plants 20 — 60 years old, are intermittently ex- 
ploited for camphor. The leaves collected from 
the trees are steam distilled in copper stills. 
The water collected in the receiver is decanted 
from the crude camphor, the latter being 
pressed first in a screw press to extract the oil, 
and then in a hydr.aulic press. The yield of 
camphor is about V/f on the weight of the leaf 
(Narielwala & Rakshit, Rep. oj the Essential 
Oil Committee, 1942, 12; Raghavan, A Note on the 
Possibilities of Camphor Cultivation in South 
India, 1940). The annual production in 
Hallakarai Estate is about 500 lb. of camphor and 
150 lb. of camphor oil, both products having a 
ready market. The yield is about 60 lb. per acre, 


14 



CAMPHOR 


though under favourable conditions a yield up to 
180 lb. per acre may be expected (Howard et aL, 
loc. cit.). 

Other Possible Sources of Camphor 

Camphor is also obtained from the oil distilled 
from the leaves of certain species of Ocimuvi or 
Camphor Basil, especially O. camnti and O 
kilimandscharicum. O. canum grows fairly ex- 
tensively in southern U.S.S.R., where about 20 
tons of medicinal camphor are stated to have 
been produced in 1936 {Bull. imp. Inst.. Land.. 
1941, 39, 14). The volatile oil from O. canwrn. 
which grows wild in north India, does not contain 
any camphor (Rakshit, Perfmii. essent. Oil Kec., 
1938, 29, 402). O. kilimandscharicum has been 
reported to contain essential oil containing 
47 _ 74 <; camphor (Bull. imp. Lmid.. 1941, 

39, 217). Experiments were conducted in the 
United States of America during the last War on 
the cultivation of this plant. The Forest Research 
Institute, Dehra Dun, has undertaken the experi- 
mental cultivation of O. kilimandscharicum with 
seeds obtained from Kenya (Annu. Rep. F.R.I., 
1942-43, 91). 

A number of other plants give products which 
are but slightly different from Japan camphor. 
Dryobalanops aromatica. indigenous to Sumatra 
and Borneo, yields borneol (Bornyl Camphor or 
Borneo Camphor), CjoHuOll. It is dextro- 
rotatary, soluble in alcohol, and slightly soluble 
in water. It is used in medicine and perfum(‘ry. 
Blumea Camphor or Ngai Camphor, is obtained 
from Blumea balsamifera. It is similar to Bornyl 
camphor but is laevo-rotatorv (With India, I, 197). 

A laevo-rotatory camphor is found in the oil 
of Artemisia tridentata typica and of Matricaria 
parthemium. di-Camphor is a cornponeni ot the 
oil from Chnjsanthemum sinetise var. japonica 
(Thorpe, 11, 240). 

Synthetic Camphor 

Synthetic camphor was produced commercially 
first in Germany during World War I. It is now 
produced i i England, France, Russia, Italy, 
Switzerland, Spain, and the United Slates of 
America. In 1930, Germany produced 13 million 
lb. of synthetic camphor. The largest producer 
of synthetic camphor since 1933 is U.S.A. The 
plant at Deepwater, N.J., is reported to have an 
annual capacity of 41 million lb. (U.S.D., 205). 
The starting material for the synthesis is 
a— pinene (CioHio)* ‘ the principal constituent of 
the oil of turpentine. In one of the processes in 
use, the pinene obtained by the fractional distilla- 
tion of turpentine is dried and converted into solid 
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bornyl chloride or pinene hydrochloride by treat- 
ment with dry hydrochloric acid gas. It is next 
converted into camphene through the action of 
alkalies or salts of fatty acids. The product is 
converted to tifobornyl acetate by heating with 
glacial acetic acid and then saponified to 
isoborneol (C’jcJ^jvOH). After purification, iso- 
borncol, is oxidized to camphor by chromic acid 
or other oxidizing agent. Alternatively, 
camphene may be oxidized to camphor by 
chromic acid. 

Synthetic camphor contains isofenchonc, 
isoborneol, and bornyl chloride as impurities, 
which are removed to a large extent during the 
process of sublimation or crystallization from 
absolute alcohol. Unlike natural camphor, the 
synthetic product is optically inactive. The 
synthetic product is sold in powder or tablet 
forms. In spite of the enormous growth of the 
synthetic camphor industry, it is doubtful whether 
it can entirely displace the natural product, as 
the principal raw material for synthesis is 
turpentine, itself a natural product. 

The oil of turpentine obtained fr«>m Pinus 
longifolia (Chir pine) occurring in India is poor 
in a- pinene (<'25/i/ as compared with 60 70U 
in French and American oils obtained from P, 
pinaster (P. maritima) and P. palustrls (Bull, 
imp. In.st.. Lond., 1941, 39, 14)]. For the economic 
production of synthetic camphor, it would be 
necessary to select a source containing a mini- 
mum of 60' r- a-pinene, and the oil from P. 
longifolia is considered to be unsuitable (Mulany 
& Watson. J. Indian c/icm. Soc., 1926, 3, 263; 
Berry & Sarin, Chem. & Jnd., 1936, 605). Two 
other Indian species, P. excelsa (Himalayan Blue 
Pine) and P. khasya, are good sources of 
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7 -pinene, but the regions of their occurrence are 
inaccessible and commercial production of oil 
from these sources has not been possible so far. 
It is, however, possible to import a -pinene at 
economic prices from U.S.A. So long as a- 
pinene is available at economic rates, manufac- 
ture of synthetic camphor will be profitable, and 
the possibilities of manufacturing the product in 
India deserve consideration. 

Properties and Uses 

Several natural products are classed as camphor 
in the trade, but the name is strictly applicable 
only to oxygenated derivatives of terpenos and 
sesquiterpenes. 

The principal characteristics of natural camphor 
are: mol. wt., 152*1; m.p., 174-179"; b.p., 204'’; sp. 
gr., 0*980- 0-99r); iod. val., 0*1; [a V‘’\+40 to +42^’ 
(lO't w/v solution in 95' v alcohol) {Schiinryiel 
Rep., 1946, 71). It is soluble in 90'^ alcohol (1 
part of camphor in 1 part of alcohol at 15*5’'), 
very soluble in ether (1 in 0*6) and chloroform 
(1 in 0'25), freely soluble in fixed vegetable oils 
(1 in 3), oil of turpentine (1 in 1*5), and only 
slightly soluble in water (1 in 700) (B.P., 118). 
When dropped on clean water it goes through 
rapid whirling movements; the movement stops 
on addition of oil. 

Uses . — Camphor is used as a plasticizer for 
celluloid and other plastics. More than 80' ^ of 
the camphor produced is reported to be utilized 
in the celluloid industry. It is used also in the 
manufacture of smokeless powder and disin- 
fectants. Camphor i;, extensively used in medi- 
cine, mainly in combination with other drugs, in 
pill and tablet forms. It has been used as resto- 
rative for loss of consciousness and collapse, for 
d(!pression and W(?akri(\ss in acute fevers, and for 
the most varied forms of failure of the heart and 
circulation (Cushny. 212). In such cases 
solutions of camphor in sterile olive oil are given 
as hypodermic injections. It is an ingredient 
of expectorant mixtures. Camphor is widely 
applied externally as a mild counter-irritant, as 
a rubefacient, and as a local anaesthetic, and 
forms, therefore, a common ingredient of stimu- 
lating and anodyne liniments and emollient oint- 
ments. In India camphor is used as incense. 
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TA1U.K 2— IMPORTS OK CAMPHOR 
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1947 4H 
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4.5,61, .5 Ml 

19 IS 49 


1.23S,(>13 
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Trade 


The world's annual camphor production is 
about 10,000 tons in normal conditions. Before 
World War II, Japan, which was in pos- 
.session of Formosa, held monopoly of the 
natural camphor industry. During the War the 
industry suffered considerably and after the 
cessation of hostilities, Formosa was returned 
to China. Table 1 gives the production in 
Formosa of Crude Camphor, Reprocessed 
Camphor, BB Camphor, and Rellned Camphor 
(Schimmel Rep., 1946, 5, 6). 

India's requirements of earn Dlior are met largely 
by imports. Table 2 gives data rc'*lating to 
imports of camphor into India. 

Japan was the principal .source of sapply in 
pre-War years, her sh.are in the total imports be- 
ing 52-5'r. The remeindc!* was imported from 
Germany, Italy, and Burma. U.S.A. supplied 
more than 90' r of India’s requirements in 1947- 
48, c. 37'; in 1948-49, and c. 42'; in 1949-50. 
Germany supplied c. 56% in 1 n 48-49, and a 
negligible quantity in 1949-50. 

Prices of camphor were subject to wide 
variation before the rise of the synthetic camphor 
industry. Prices of natural camphor follow those 
of synthetic camphor which in turn depend on 
prices of turpentine. Prices up to 7s. 6d. per lb. 
were recorded during the Russo-Japanese War of 
1904-6 and during the Great War, 1914-18. The 
lowest figure, about Is. per lb. was reached 
during the period U'30-35 (Thorpe, loc. cit.). The 
price, in June, 1950, of camphor per lb. 
in U.S.A. was: — natural camphor: powder, 
$0-45 -0*55; tablets, $0-85 -0-93; synthetic 
camphor: Technical grade, $0*42; USP grade 
(powder), $0*45 0-47; USP grade (tablets), 
.$0-73-0-75. 
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CANDLES 

Before the advent of paraflin wax, candles were 
made from bees-wax, spermaceti, and stearine 
and on account of the high cost, the use of 
candles was confined to churches and households 
of the wealthy class. These waxes have now 
been mostly displaced by paraffin wax, and the 
use of spermaceti and bees-wax is limited to 
candles required for ceremonial and special pur- 
poses. Spermaceti candles were in use as a 
photometric standard of illumination, but have 
now been entirely superseded by the pentane 
lamp, electric lamps, and more recently, by 
radiation standards. Stearine candles are ex- 
ceptionally stable to heat and have high opacity. 
Paraflin wax, however, is superior to stearine as 
it shows no tendency to crack during cooling, 
possesses more lustre, and is better adapted for 
colouring and ornamentation. 

Paraflin wax required for candle manufacture 
should neither be too hard nor too plastic. It 
should have a m.p. of 120— 40° F. Burma petro- 
leum gives a wax with m.p. up to 140‘ F. As hard 
wax shows a tendency to stick in the moulds, 
it is usual to blend it with stearine to give 
mixtures with a setting point range of 120 — 38 "F. 
(Thorpe, II, 263). Candles are made in India 
from Digboi (Assam) paraflin wax. Stearine 
candles are made in Calcutta, Madras, Mysore, 
and Baroda. 

Pure paraflin wax by itself is unsuitable, in 
most cases, for use in candle manufacture. 
It liquefies readily under the action of heat 
and ‘gutters’ excessively. Paraflin wax candles 
are deformed even under moderate heat. These 
defects are offset by mixing stearine to the extent 
of 2— 30/r with paraflin wax, which not only 
imparts resistance to bending in hot weather, but 
also gives a smooth appearance and facilitates 
the moulding operation (Thorpe, loc. cit.). Higher 
percentages of stearine (m.p., 130--133"F,) are 

required if the melting point of the paraffin wax is 
lower than 130 ’F. A composition of c. 97^v 
paraffin wax and 3^^ stearine gives a very good all- 
round product as regards rigidity, colour, and 
burning properties; these proportions are variable 
within certain limits (Hilditch, 410). During the 
War years when imports of stearine from U.K. 
were cut off, candles were produced in India 
without the addition of stearine. Coloured 
candles are made by adding a wax-soluble dye 
prior to moulding. 

The Wick . — Twisted cotton and linen which 
were once in use as wicks arc now being replaced 
by thin pleated cotton. The texture of wicks is 
designated by numbers 3—5, 3—8, 3 — 10, 3 — 15, 


etc., indicating the number of strands pleated 
together; thus 3 -5 denotes a wick of 3 threads 
each of 5 strands pleated together. The pleated 
structure causes the wick to bend over when 
lighted so that the tip is in contact with the outer 
or oxidizing region of the flame and is completely 
burnt. Pleated strands are treated with boiling 
dilute caustic soda solution, bleached with hypo- 
chlorite and washed. They are finally pickled in 
a solution containing certain inorganic salts — 
mixtures of ammonium phosphate, chloride or 
sulphate, borax, potassium chloride or chlorate, 
sulphuric and nitric acids, nitrates, silicates, or 
tungstates — which assist burning, minimize 
charring, and prevent glowing and smoking when 
the candle is extinguished. Wicks arc usually 
imported; most manufacturers in India, however 
use untreated cotton threads. 

Manufacture . — Candle manufacture consists in 
solidifying molten wax in tubular tin moulds, the 
wicks being held centrally in the mould while 
the wax is solidifying. The equipment used 
consists of a number of tin or solder tubes, slight- 
ly tapered, fixed vertically in a box through 
which cold water or steam can be circulated as 
required. The upper ends of the moulds are flush 
with the upper plate of the box, and the lower 
ends project through the bottom plate, and are 
fitted with conical tip moulds which are perforat- 
ed to allow the passage of wicks. The tip moulds 
are carried on the upper end of hollow piston 
rods which slide up and down within the moulds. 
The pi.stons are mounted on a movable plate 
which can be moved up and down by a handle. 
When the plate is raised the pistons pass through 
the moulds and eject the finished candles. The 
upper plate of the box serves as a trough for 
molten wax. 

The wnck is supplied to each mould from sepa- 
rate spools fixed below the machine and fed 
through the hollow piston, through the hole in 
the tip mould, and finally through the centre of 
the mould and kept in position by the previous 
batch of candles clamped over the box. 

A mixture of paraffin wax and stearine in the 
required proportions is heated with open steam 
and allowed to settle until clear. The hot mixture 
is poured into the trough over the box and fed 
into the moulds. Cold water is admitted through 
the box when the wax sets and the shrinkage due 
to cooling is made good by wax fed from the 
trough. The cooling time varies fiom 8 min. to 
an hour according to the size of the candles. 

When the candles are ready for removal, the 
previous batch of candles arc removed from the 
clamps by cutting the wicks with a knife. The 
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excess wax in the trough is scraped off with a 
knife for reuse. The candles in the mould are 
then ejected by raising the piston and clamped 
to a rack. The pistons are then lowered to their 
original position. The wicks now run from the 
candles to the spools through the moulds and the 
machine is ready for recharging with wax. As 
soon as the wax in the moulds sets, the wicks 
are cut between the top wax of this batch and 
the tips of the previous batch. In the first batch 
of candles the wicks are not truly centrally placed 
and the candles are often remclted. 

For coloured candles, aniline dyes are added 
to stearine before mixing with paraffin. Frosted 
candles and candles of various fancy shapes are 
sometimes made. Decorations arc applied by 
transfer and protected by dipping in wax or 
shellac lacquer. 

The process employed by the smaller establish- 
ments in Bengal is somewhat different. The 
moulding machine consists of two blocks which 
when joined together form a row of vertical 
moulds. The wax is melted over direct fire and 
poured into the moulds which are first supplied 
with wicks. Cold water is circulated through the 
blocks for setting; the blocks are separated and 
the candles stripped off. Before starting the 
operation again, one half of the block mould is 
threaded with the wick. 

Prepared candles are inspected before packing. 
Household candles are packed in paper cartons, 
stacked to dry, and finally packed in wooden 
boxes each containing 25—30 packets. Coloured 
candles are wrapped in tissue paper before they 
are placed in cartons, and sometimes tissue paper 
is placed between layers of candles. 

The most common size of candles is 10 oz. 32, 
used in festivals. Other sizes are 8 oz. 6, 10 oz. 6, 
10 oz. 8, and 14 oz. 6. Household candles weigh 1 
to 2 oz. each. 

Production and Trade. — Before World War II, 
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large quantities of candles, manufactured in 
Burma by the Burma Oil Co., Ltd., and Indo~ 
Burma Petroleum Co., Ltd., were being imported 
into India. The Indian industry was developed 
during World War II, when imports ceased and 
supplies of kerosene became scarce. The industry 
is located mainly in and around Calcutta. In 
1943, there were about 160 small establishments 
in West Bengal employing more than 2,500 
workers and producing candles worth Rs. 60 lakhs 
per annum. In 1947, the industry received a set- 
back due to the difficulty in obtaining supplies 
of paraffin wax, and the number of factories came 
down to 40, and production fell to about 3,000 tons 
per annum. In 1949, the production was about 
1,200 tons (Information from the Department of 
Industries, West Bengal). 

Table 1 gives the imports of candles into India. 
Imports during pre-War years and up to 1941-42 
came from Burma; smaller quantities were obtain- 
ed from Japan, Belgium, and U.K. Imports of 
candles arc subject to a revenue duty of 30/f 
ad valorem, and a preferential rate of 12% ad 
valorem in the case of imports from Burma. 

Table 2 gives the exports of candles from India. 

CANNING 

One of the most important commercial pro- 
cesses developed in recent years for the preserva- 
tion of foods is canning or hermetic sealing in 
metal or glass containers after heat sterilization. 
Food preservation is assured both by the destruc- 
tion of spoilage organisms present in the materials, 
and by the prevention of infection from outside 
sources. Almost all the methods of preserva- 
tion, excepting cold storage and dehydration, are 
covered by the term canning, and the materials 
handled cover a wide range and include fruits 
and vegetables, fish and meat products, and milk 
?.nd dairy products, but not powders and dry 
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solids, such as biscuits, cocoa and cofTee, which 
arc sealed in tinplate containers for protection 
against insects, dust, and moisture. 

Besides protecting foodstuffs against deterio- 
ration, canning has helped in creating products 
with great appeal to consumers, and in preparing 
food combinations of specified nutritive value 
for the convenience of those who have not the 
time or skill to make them from raw ingredients. 
Canning has also helped to overcome .seasonal and 
regional gluts and scarcities, by preserving sur- 
pluses whenever and wherever available, and 
making them available in all seasons over wide 
regions. By utilizing surplus materials, the 
canning industry has not only prevented wastage 
but also helped to stabilize prices. 

Although the method of preserving food in 
hermetically sealed containers dates back to early 
times, its development as a scientific process on 
a commercial scale is only about 50 years old. 
14,442,000,000 lb. of food were canned in 1935 in 
the major producing countries of the world 
(Jones, 1). During World War II, provision of 
food to armed forces in the far-flung operational 
areas posed new problems which were success- 
fully met by the canning indu.stry. Methods 
were developed not only for preserving foods, 
but also for conserving nutrients. The modern 
canning industry is so highly organized in all its 
branches that labour-saving automatic devices 
are employed for many of the operations. There 
are over 400 different kinds of food which are 
now canned and marketed. 

Among the other methods of food preservation 
are dehydration and quick freezing. Dehydrated 
foods have a shorter shelf-life than canned foods. 
Further, reconstituted foods from dehydrated 
materials, except in the case of certain vege- 
tables, are inferior to canned foods in taste and 
appeal. Quick-frozen foods are superior to can- 
ned foods as they retain the natural flavour for 
longer periods, but suffer from the disadvantage 
that they have to be carried in the frozen state 
demanding special equipment for transportation 
and storage (Jones, 3). 

Containers 

The most important requirement of the canning 
industry is the container. Both tin cans and glass 
containers are used. Cans are generally made of 
tinned cold-rolled steel plates which have good 
corrosion resisting properties. The Sanitary Can, 
which is commonly used, is an open-top tin 
container which can be closed without the use of 
solder by double seaming. The Hole-and-Cap or 
Soldered Can is filled through a central hole and 
closed by soldering. 


TABLN I.— STANDARD SIZES OR CONTAINERS 
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Table 1 gives the standard .sizes (overall) of cans 
employed in the canning industry. 

For preserving certain food products, lacquered 
cans in which the tin coating is covered by a layer 
of lacquer are employed. Lacquering prevents 
the action of water-soluble pigments on the base 
plate of the can. Purple or bright red fruits like 
plums and berries are canned in single- or 
double-lacquered cans. Vegetables like peas, 
which are rich in sulphur arc canned in special 
lacquered containers to prevent the discoloration 
of the product. Enamelled sanitary cans are 
used for fish pre.scrvation. The use of aluminium 
alloys, anodised or coated with a protective 
lacquer, for food canning has now been exten- 
sively developed. Such containers lower shipping 
costs because of their light weight {Metal Market 
Rev.. 1950, 3(5), 9). 

Glass containers while possessing the advant- 
ages of transparency and corrosion resistance are 
fragile; they are also heavier than tin cans. Glass 
containers are particularly suitable for home 
canning; they are also convenient for preserving 
ketchups and fruit Juices. Aseptic closures for 
bottles have received special consideration. The 
types u.sed are: Band, Screw top. Tear-off, Seal, 
Crown cap, and Pre.ss-on lids. Screw tops are 
convenient for wide-mouthed bottles and crown 
caps for beverage bottles; press -on lids can be 
used to re-seal bottles after opening. Tear-off* 
types are made of crimped aluminium foil. 

Canning involves a series of operations depend- 
ing on the nature of foods to be preserved. 
These may be classified under two heads: (1) 
preparation of foods for canning, and (2) canning 
proper. 
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Preparation of Foods 

Fi'iiits and Vegetables , — The prepaiation 
required for canning depends on the type of 
food. Fruits and vegetables are prepared as for 
the table. Fruits arc generally gathered when 
they are firm ripe, i.e., not quite ripe for table use 
but have attained full size and flavour. They are 
graded according to quality and si;'e. Vegetables 
are gathered tender. They arc trimmed and, 
in many cases, blanched or heat treated with 
boiling water or live steam. This operation 
cleans and wilts them so that a better control 
of the fill in the cans becomes possible; blanching 
removes disagreeable odours, improves colour, 
removes slime-forming ingredients, and inacti- 
vates enzymes. 

Some fruits and vegetables require to be 
peeled, and this is effected either mechanically 
or by hand. Steaming or imn.c’rsion in boiling 
lye (0 55 — 1‘0'f) facilitates peeling. The material 
is sliced into rings, cubes, etc. as ivquirr^d. 

Pulpy fruits like apricots, peaches, and pears 
are treated in a somewhat different manner. 
Apricots arc pitted by machine, ground, and 
sieved to a puree. It is mixed with an equal 
volume of cane sugar svrup (about 15" Bx.), 
heated, and canned hot. Peaches and pears are 
pitted or cored and peeled. The fruit is steamed 
until soft and canned in the same way as apricot. 

At the lime of filling the cans, or immediately 
after, weak brine (1—2^ ;) is added to vegetables, 
and sugar syrup (40 55'’ Bx. at 175 180" F.) to 
fruits. These additions facilitate heat transfer 
during sterilization, help retention of natural 
flavour and colour, and act as preservatives. 
Coloured syrup is employed for canning straw- 
berries. 

Meat may be canned whole or in comminuted 
form. In the former case, the canned product 
has to be preserved under refrigeration. The 
sterilization is not usually absolute, for both 
form and palatability suffer if full sterilization 
is aimed at. Some meat products are given a 
preliminary cooking to pre-shrink tliem. The 
mc^ts are freed from fat, bones, gristles, etc. by 
trimming and in some cases they are pickled 
with nitrite or common salt before canning. 
They are then stulfed into cans, soup stock 
added, sealed, and vacuum packed. In the case of 
>sausages, either uncooked material prepaicd by 
chopping the meat and mixing with spices, salt, 
and other ingredients, or smoked and cooked 
sausages prepared from cured meat, is used for 
filling cans. 

Fish is canned either in its own oil, or in olive, 
cotton seed, or other vegetable oils. Some varie- 
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ties are salted, smoked or otherwise cured, and 
tomato sauce, spices, etc., arc addc'd. 

Salmon, sardine, herring, and tuna are the fish 
most commonly used for canning. Fresh sardines 
are beheaded, gutted, and thoroughly cleaned. 
The cleaned fish are steeped in saturated brine 
for 20—30 min. and dried in the sun, or in mecha- 
nical driers till the external moisture is remfived. 
The dried material is placed in wire baskets and 
cooked in a hot bath (217 240 "F.) of cotton seed 
oil for a minute or tw'o, and packed into cans 
after draining away the surplus oil. Trie cans 
are filled completely with oil, sealed, tested for 
leakage, and processed. Sardines are canned 
plain or with tomato or mustard sauco. Can- 
neries far away from fishing grounds receive 
their supplies in salted form. Such material is 
washc'd, steamed for 8 20 min., dried, trimmed, 

and packt'd into cans. 

Automatic machines are I'mploycd for behead- 
ing and removing the viscera of salmons. Tuna 
fish are cut for the removal of viscera but the 
heads and fins are left intact in the preliminary 
treatment. The dressed and washed tuna are 
pre-cooked in wire baskets in sLearn chests at 
218—220'’ They are then cleaned, heads, tails, 
and fins removed, the skin scraped away, and 
bones and dark meat removed. The cleaned 
white meat is filled into cans, salt and oil added, 
and the cans are ready for sealing. 

Prawns may be stocked in semi -dry condition, 
de-.salted according to need, and packed in double 
lacquered cans or in bottles. 

Canned chicken keeps well almost indefinitely 
and is particularly useful in hot climates, The 
chicken or adult fowd is steam-cooked or roasted, 
the period of cooking depending on the size and 
age of the bird. Chickens under 1*5 lb. are a 
delicacy and arc usually cooked v/hole. 

Milk is canned in the form of condensed milk 
{see Dairy Products). A variety of such products 
is available, e.g., condensed full cream milk, 
sweetened; condensed full cream milk, unsweet- 
ened; condensed skimmed milk, sweetened or 
unsweetened; and canned cream. The high 
percentage of sugar in sweetened products 
prevents spoilage; unsweetened condensed milks 
are subjected to high temperatures and spoilage 
of such products is almost unknown. 

Fruit BEVERAGES.—The canned fruit juice in- 
dustry has made great strides, particularly in 
U.S.A., in recent years. Prior to 1929, grape juice 
was the most important juice bottled, and about 
1 million bottles were annually produced in U.S.A. 
The present production is about 5 million gallons 
a year. Tomato juice now ranks first among 



canned fruit juices, canned pine-apple juice 
coming next in the order of importance. Apple- 
juice is usually consumed fresh, and only a small 
quantity is bottled with sodium benzoate as pre- 
servative. 

The growth of the fruit beverage industry is 
due partly to the recognition of the nutritive 
virtues of fruit juices, and partly to improve- 
ments in the quality of commercial packs. The 
high quality of the products is largely clue to im- 
provements in the methods of pasteurization and 
the use of enamelled tin containers for canning. 

Canned fruit beverages include: Juices, 
Squashes, Cordials, and Syrups. The term juice 
refers to unconcentrated liquid products con- 
taining a substantial proportion of pulp and other 
cellular matter expressed from ripe fruits. 

The fruits required for the beverage industry 
should have characteristic flavour, aroma, and 
colour, and possess a palatable balance between 
acidity and sugar. Blending of Juices from 2 
or more varieties is often clTccted to sccuio this 
balance. The fruits should be washed fiec from 
adhering dust, and micro-organisms on the sur- 
face should be eliminated by suitable aseptic 
treatment. The methods employed for juice 
extraction depend on the structure of the fruits 
and the location and character of the juico-con- 
taining tissues. Most fruits are crushed and 
pressed for juice extraction. Apples are crushed 
in graters or hammer mills. The crushed fruits 
arc pressed in a rack-and-cloth press at 150 Ib./scp 
in. Grapes are lightly crushed and heated to 135 
160 ’F., befoie pressing in basket presses. Pine- 
apples are peeled, coarsely shredded, and pre.sscd 
in continuous screw presses. Oranges are cut 
into halves and the juice and pulp reamed out 
either by hand or by rapidly revolving bronze 
cones. Lemons and grape-fruits are treated in a 
similar manner. Uncrushed whole fruits are 
subjected to moderate pressure in a basket press; 
the resulting juice has a purplish colour and a 
pleasing flavour. Tomatoes are crushed in a con- 
tinuous press consisting of a revolving tapered 
screw inside a perforated metal cylinder. The 
fruits are warmed before juice expression, and 
the juice is salted before canning. 

Aeration should be avoided during juice expul- 
sion to minimize oxidative changes. Fruit juices 
in general, and citrus juices in particular, arc 
de-aorated by exposure to vacuum. Both colour 
and flavour are affected unless so treated. De- 
aeration helps retention of fresh flavour and 
aroma. 

Extracted juices are strained or .screened to 
remove suspended solids. For obtaining clearev 
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products, the juices are clarified and filtered 
after treatment with diatomaccous earth or other 
filter aids. Th(»y are al.so treated with pectin 
hydrolyzing enzymes for clarification. Pome- 
granate juice is clarified by flash heating to 
175 IBS'F., settling, and filtering. 

Fruit Squa.she.s are sw^ectened products ob- 
tained by mixing strained juices with filtered 
heavy sugar syrup to contain 35 -40% sugar in 
the final product. 

Fruit Cordials are obtained by adding sugar 
to clarified juices. Preparations of the type of 
Lemon-barley and Grape-barley are refreshing 
cold drinks made by healing barley flour with 
water, mixing the cold extract with sugar to 
obtain a syrup of 50' Bx., straining and com- 
pounding with lemon or grape juice together with 
preservatives like sodium or potassium n.ctabi- 
sulphite (Lai Singh et af., Indicm Fmy, 1043, 4 , 
297). 

Fruit Concentrates and Syrups are other 
preparations from fruit juices. Though the 
diffcrcnco between the two is not clearly demar- 
cated. the term syrup is reserved for highly 
sweetened products. The juice in syrups may be 
diluted or concentrated, and may contain added 
acids, flavours, and colours. Concentrates pre- 
pared by removing part of the water from fruit 
juices, either by evaporation or by freezing, are 
u.sed in the preparation of soft drinks and jellies. 

Jams, Jellies, Marmalades, and Fruit Butters 
are sugar containing preparations which are pre- 
served by canning. Jams are made* by cooking 
fruit pulp with sugar to the consistency of a 
jelly. Any ripe fruit or blends of diffen'nt ripe 
fruits can be used for making jams. Those com- 
monly used are the smaller fruits and berries. 

The fruits arc washed and pulpr'd by cooking 
with vvat(’r and tfu? pulp screened. Sugar :S then 
added, the proportion of sugar to fruit depemding 
on the variety and ripeness of the fruit. Most 
jams should be concentrated to a boiling joint of 
218--22LF. Usually steam-jacketed kettles are 
used; vacuum concentration gives a sujDerior pro- 
duct. Jams aie packed in sterilized glass con- 
tainers or cans and pasteurized at hlO F. for 
30 min. and rapidly cooled. Jams containing high 
concentration of sugar (70^ f or above) kei'p well 
in most climates and do not need to he pasteu- 
rized (Cruess, 370). 

Jellies are viscous jDtoducts containing not less 
than 45 parts by weight of fruit juice and 55 jjarts 
by weight of sugar. The mixture is concentrated 
by heat to such a consistency that jellying takes 
j 3 lace on cooling. The three essential ingredients 
of jellies arc pectin, acid, and sugar, on the correct 
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proportioning of which depends the physical pro- 
perties of the jelly. 

Fruits are cooked in steam- jacketed kettles for 
converting pectose to pectin and for s')ftening the 
fruit tissue. The kettle should preferably be of 
stainless steel, nickel, or monel metal. Some- 
times fruits are crushed prior to heating The 
duration of heating and the amount of water add- 
ed vary with the variety and texture of the fruit. 
The extract is filtered in a rack-and-cloth press 
after adding diatomaceous earth, or by settling, 
fining, and centrifuging. The clear juice is mixed 
with sugar. High pectin fruit juices require more 
sugar. In the case of fruit juices which are not 
sufficiently acid or which do not contain enough 
pectin, the two ingredients arc added, and the 
ratio adjusted. Tamarind jellose nay also be 
used in the preparation of jellies (Rao, J. sci. 
industr. Res., 1948, 7B, 89). 

The juice is next concentrated by boiling at 
220— 221 °F. in open steam-jacketed kettles, skim- 
med if necessary, and the boiling continued until 
the product forms a jelly of the desired consis- 
tency. Too long a boiling results in loss of 
flavour, discoloration, and hydrolysis of pectin. 
The jelly is poured hot into containers v/hich are 
then hermetically sealed and pasteurized at a 
temperature of ISOT. for 30 min. The yield 
varies with the variety of fruit, its maturity and 
other conditions. It is usually 350 gal. of jelly 
per ton of citrus fruits and 300 gal. from sour 
berries (Cruess, 360). 

A perfect jelly is a clear sparkling product, 
transparent and attractive in colour. It should 
be tender enough to hold its shape when turned 
out of glass, yielding to the slight pressure of a 
spoon, but holding .sharp clear edges where it is 
cut. It should not be syrupy, sticky, or gummy, 
and should retain the flavour and aroma of the 
original fruit (Cruess, 340). 

Marmalade is a clear fruit jelly containing 
suspended slices of fruit or peel. Knglish mar- 
malades are usually made from bitter varieties of 
oranges. American marmalades are made from 
culled oranges; the product is called Sweet Mar- 
malade. Some marmalades are prepared from 
oranges, grape-fruits, or lemons. 

The method of preparation is similar to that 
used for jellies except that a certain quantity of 
sliced peel is added to the clarified juice while 
cooking with sugar. In American practice the 
peels are prepared separately. The juice and the 
prepared peel are cooked together with sugar 
to the jellying point. Unpeeled oranges may also 
be used in the preparation of marmalades. In 
this case, the fruits are sliced and cooked until 


tender before the addition of sugar. The pre- 
pared marmalade is cooled to 150— 180"F. 
before filling into the container; otherwise the 
peels are liable to come to the surface insiead of 
remaining evenly distributed. The container is 
sealed, preferably under vacuum, and pasteu- 
rized at about 180 °F. 

Fruit butters are prepared by boiling screened 
fruit pulp with or without the addition of sugar, 
fruit juices, and spices to a homogenous semi- 
solid mass. They diller from jellies in having a 
higher concentration of fruit and finer consis- 
tency. Brown sugar is often substituted for white 
sugar. The mixture is concentrated to a soluble 
solids content of not less than 43^{ (Jacobs, II. 
612). 

Candied and Crystallized Fruits. — Candied 
fruits are prepared by impregnating fruit with 
syrup until the sugar concentration in the fruit is 
sufficiently high to prevent spoilage. The impreg- 
nation is carried out in such a way that the fruit 
does not soften or jam, or become tough and 
shrivelled. Firm fruits required for this prepa- 
ration are first pitted or pricked and cooked in 
sugar syrup (30^" Balling) for 1—2 min. The 
mixture is set aside for 24—48 hrs. lo permit 
even distribution of sugar between the fruit and 
syrup. The process is repeated a number of 
times, the concentration of syrup being increased 
each time by about 5^" Balling. The prepared 
product should be plump and firm. The surface 
is cleaned by sponging with a wet cjolh or by 
dipping in boiling water. Candied fruits are 
sometimes glaced by coating with a thin layer of 
heavy syrup which dries to a more or less firm 
texture (Cruess, 380). 

Preserves are made by cooking the prepared 
fruit in sugar syrup until the concentration of 
sugar reaches 55— The fruit should retain 
its form, should be crisp rather than soft, and 
should be permeated with syrup without shrivel- 
ling. Fruit preserves are similar to jams with 
the difference that the preserves contain w'hole 
fruit or large pieces whereas jams contain crush- 
ed or disintegrated fruit. 

Fruits for preserves are prepared as for cann- 
ing. The prepared fruits are boiled in sugar 
syrup to the required extent; the boiling point of 
the syrup should be approximately 218— 220°F., or 
the syrup should have a final concentration of 60— 
65® Balling. The fruits may be cooked for short 
durations on successive days in syrups of progres- 
sively increasing sugar concentration. Vacuum 
impregnated preserves have superior flavour and 
colour than those made in open kettles. The cook- 
ed product is rapidly cooled, filled into cans or 


22 



jars, and pasteurized in boiling water. Alterna- 
tively, the containers may be filled hot in which 
case further sterilization is unnecessaiy (Cruess, 
373). 

Ketchup is made from strained fruit juice with 
spices, salt, sugar, and vinegar, with or without 
onions and garlic, and containing not less than 
12' < solids. The most suitable fruit for this pre- 
paration is tomato. Fully ripe tomatoes ef in- 
tense red colour and mealy texture, of high 
acidity and rich flavour are preferred. The fruits 
are thoroughly washed, crushed raw, and briskly 
cooked for 3 5 min. at 40—60 Ib./sq. in. pressure. 
The boiled mass is sieved. The puree so obtained 
is healed with the required amount of condiments 
(tied in a cloth bag) and sugar to a third jf the 
original volume in a steam pan. Vinegar is added 
about 5 min. before stopping the cooking, and 
salt is added later. The cloth bag with the condi- 
ments is removed and the finished hot product 
poured into sterilized bottles, corked, sealed, and 
pasteurized in boiling w^ater for about 30 min. 
Chopped onions and garlic, cloves, cummin seed, 
cardamom, black pepper, red pepper, mace, and 
cinnamon are the spices used. Grape ketchup 
and sauces from tomatoes are prepared in a 
similar manner. 

Canning 

The canning operation involves: washing of 
containers, filling, exhausting, closing, heat 
treatment or processing, cooling, labelling, and 
storage. 

The cans should be washed free from dirt and 
traces of zinc salts left during can manufacture. 
The washed cans are kept in an inverted position 
till they are required for filling. Glass ccnlaincrs 
must be thoroughly washed and dried. 

Prepared foods along with other ingredients 
when necessary are next filled into the washed 
cans. Fruits are preserved in sugar .solution, 
vegetables in brine, and meat products (but not 
sausages) in soup stock. Fruit juices and con- 
densed milk are canned as such. The sugar solu- 
tion and brine are prepared separately and poured 
into the can after tilling with ihe main food 
material. It is neces.sary to keep a miail amount 
of headspace, as otherwise the can is liable to 
bulge out during subsequent processing. 

The filled cans are clinched, i.e., the lids arc par- 
tially closed by a single seam so that an outlet is 
left for the air to escape. The partially closed 
cans are exhausted by a machine or vacuum creat- 
ed by steaming and cooling. Machine-exhausted 
cans pass automatically to a closing machine in 
which they are closed in a few seconds. In the 
steaming method, which is more common, the 
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cans are passed in a zig-zag path through a tank 
containing hot water (82—85”) the water level 
in the tank being c. 1 in. below the top of the can. 
Alternatively, the cans may be healed by direct 
steam in a steam chest. The air in the headspace 
is replaced by steam which condon.ses during 
cooling thus leaving a partial vacuum inside the 
can. The exhausted cans are double-seamed in 
an automatic machine. As spoilage in the canning 
industry is due mostly to faulty seaming, perfec- 
tion is aimed at in this operation (Jones, (iJ). 

The double-seamed containers are heat treated 
to destroy micro-organisms originally present in 
the canned food material. The treatment should 
be such that the food is not overcooked. The 
temperatures employed for dill’erent materials 
ai*e: fruits, slightly below 100'; vegetables, 
112-115 (potatoes, slightly liigher); meat, 
118 -120'’; and condensed milk, c. 117" (Jones, 66). 

Processing or cooking of acid fruits is carried 
out in boiling water fur 15—35 min., depending 
upon the texture of the fruit and its acidity. 
Highly acid (pH. of juice, 2*5 3*5) fruits like 
plums, peajhes and apricots, are heated for a 
short duration as the oi’ganisms responsible for 
spoilage? aie easily destroyed by heal in the acid 
medium. Fruits of pH. 4-0 — 4-5 demand special 
cltcntion. Vegetables of low acidity cannot be 
processed in boiling water in open cookers, as 
thermophilic organisms like Clostridium hotuli- 
nus are not easily destroyed, and under anaerobic 
conditions they produce toxic principles ri'sponsi- 
blo for botulism or ptomaine poisoning. Vege- 
tables are processed in retorts or oressuie cookers 
at 10-15 Ib./sq. in. (240- 250 T.) for 35-70 
minutes. Tomatoes, however, can be safely pre- 
served by heating in open cookers for about 65 
minutes (Siddappa & Mustafa, Misc. Bull, 
I.CA.R. No. 58, 1944). 

A number of methods have been developed for 
the processing of fruit juices. The most im- 
portant among them is pasteurization. Spore 
forming organisms which are not destroyed during 
pasteurization, are not harmful as they do not 
grow in acid media. Still or uncarbonated juices 
arc pasteurized at 175'’F. and juices of high acidity 
at a lower temperature, 140 -150"F. The maxi- 
mum safe lime and temperature required to 
preserve a given juice vary with acidity, heat 
conductivity, and initial contamination. 

Two methods are employed for pasteurization: 
(1) holding pasteurization, and (2) flash pasteu- 
rization. In the former, the juice is processed in 
the container at a relatively low temperature for 
a long period. The containers are filled either 
with cold or warm juice, sealed under vacuum, 
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pasteurized at about 165- 180"F. tor about 30 
min., and rapidly cooled. Grapes, apple, and 
pomeijranate juices are pasteurized by this 
method. In flash pasteurization, the juice is sub- 
jected to a sufTiciontly high temperature 
(170— 190‘'F.) for a relatively short time (1 3 
min.) (Jacobs, II, 600). The juice is passed 
through heated tubes or plates, the hot juice filled 
into sterilized cans or bottles, sealed, and rapidly 
cooled in water. Alternatively, the pasteurized 
juice is filled cold or warm into bottles and steri- 
lized again at about 165 “F. Orange, grape-fruit, 
and pine-apple juices are generally flash pasteu- 
rized. 

Strained tomato juice is preheated under 
vacuum to about 180 — 190' F., filled into sterilized 
cans and rapidly cooked. Alternatively, the 
juice is filled into cans, exhausted, sealed and pro- 
cc.s.sed for 15—40 min. depending on the size of 
the can. 

Besides pasteurization, other methods are 
available for the preservation of fruit juices. 
Large quantities of apple juice are prc.served 
with sodium benzoate (0-05— 0*1' r ). Orange 
juice is preserved with benzoate or sulphur 
dioxide. Grape juice may be preserved by sul- 
phur dioxide and sulphites. In Germany, 
Switzerland, and South Africa, the juices are 
filtered through bacterial filters and bottled in 
sterile bottles. The method demands rigorous 
control. Fruit juices, especially from grapes, 
apples, and oranges, may be preserved by freez- 
ing and storing at about 10” F. 

Experimental studies on the effect ef adding 
antibiotics like Subtilin, Aureomycin, Chloromy- 
cetin and Lupulon in small percentages to canned 
foods have led to the conclusion that the antibio- 
tics conduce to rapid sterilizing and Ihcrefore to 
reduced canning costs (Fact, 1950, 4 , 369). 

Both tin cans and glass bottles are employed as 
containers for fruit juices. Tomato, pine-apple, 
orange, lemon, grape-fruit, apricots, peaches, and 
pears are generally canned. Orange, lemon, and 
pomegranate juices are bottled. Grape and apple 
juices are both canned and bottled. 

Processed cans are cooled quick !v to about 
110"F. to prevent overcooking, undue softening, 
and also to guard against stack-burning while the 
cans are held in store. If processing is inetlicient 
fruits become soft and often acquire a dark or 
pink colour. Cooled cans arc stored in cool dry 
stores for labelling, packing, and distribution. 

Self heating food cans were introduced during 
World War II, and several millions of them were 
supplied to the armed forces. The.se cans, which 
are similar to the ordinary cans, are provided with 
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a centre tube closed at one end and soldered to 
the can body. The can is filled with soup or 
other liquid food and closed and sterilized in the 
usual way. Into the centre tube is then intro- 
duced a heater cartridge containing the heating 
mixture, igniter and fuse, closed first with a card- 
board disc with a central aparture for the fuse, 
and then with a pres.s-in cap; bituminous paste is 
applied round the metal cap to give a moisture- 
proof seal. When required for use, the cap is 
opened and the fuse ignited. In five minutes hot 
food is ready for use. A possible peace-time 
demand for such cans is in the provision of scratch 
meals at picnics and on other outdoor occasions 
(Caldwell & Gillies, Industr, Chem., 1950, 26, 
301). 

The Indian Industry 

The development of the fruit canning industry 
in India, which had its beginnings in 1936, v/as 
stimulated by the work carried out under 
the auspices of the Indian Council of Agricultural 
Research. Fruit research stations were establish- 
ed at Lyallpur and Quetta, and several research 
projects on fruit canning and preservation were 
worked out. A Fruit Products Research Labora- 
tory was established in 1943 at Kodur in south 
India. Work on the canning of fruits like apri- 
cots, peaches, pears, and plums, was undertaken 
at Quetta and on the standardization of methods 
for the preparation of citrus fruit juices at 
Lyallpur. The results evoked wide interest and 
a number of factories were started in dilferent 
parts of India, mostly in the Punjab, tJ.P., and 
Bengal. In November 1945, The Indian Fruit 
Preservers' Association had a total membership 
of 186 canning firms scattered all over the 
country. 

Fruits . — The fruits usually canned arc peaches, 
apricots, pears, pine-apples, mangoes, plums, 
oranges, greengages, grape-fruits, lemons, guavas, 
litchis, figs, apples, berries, and cherries. Of these 
the first seven are popular. Canned mango is a 
speciality of the Indian canning industry. The 
following varieties of mango are canned: Alphon- 
so, Banganapalli, Dusehri, Safoda, Siroli, and 
•Langra. Experiments at Kodur have shown 
that Baneshan and Neelum varieties of mango 
are suitable for commercial canning. The .selected 
fruits arc washed, the skin peeled v/ith a stainless 
steel knife, and the flesh cut vertically into 
slices. The slices are immersed in clean cold 
water to avoid contamination and discoloration 
due to exposure. Slices of uniform size are filled 
to about .?th in the can, and syrup (29 “ Balling) 
added up to .{ in. from the top. General- 
ly A-l Tall, A-2, and A-2J cans arc used. Thq 
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Fifif. 1. — ^Preparing tomato ketchup 

filled cans are healed in a boiling water bath 
for 5—7 min. according to size. Sterilized lids are 
put on, the cans are sealed quickly in an 
automatic double seamer, and processed for 
13—20 min. in a boiling water bath. Mango pulp 
is also canned. 

Fruit cocktails are canned mostly in A-2J 
size, plain or lacquered, sanitary cans. 

Recent work at the Government Fruit Pro- 
ducts Research Laboratory at Kodur has shown 
that high quality canned products can he made 
from guavas and grape fruit. Work on the can- 
ning of melons, palmyrah kernel, and jack fruit 
has given encouraging results. 

According to the Indian Army Specifications, 
canned fruits shall be free from added colouring 
matter except in the case of cherry v/here a small 
quantity of edible colour can be used. No sweet- 
ening material other than sucrose shall bo u.^ed. 
The strength of the syrup shall not be less than 
19L' for fruits other than pear and not less than 
15' f for pear and fruit cocktail. The fruit cock- 
tail shall consist of not less than 3 and not 
more than 5 of the following fruits: 
ch(ury, grape, orange, peaches, pears, and' 
pine-apples. The limits of heavy melals in the 
canned fruits should be: Pb, :(>5 i).]).in.;ru, 1.5 

p.]).?ii.; p.p.m.; Sii, I graiu/lb.; and As, 

001 grain/lb. 

Besides the fruits, considerable quantities of 
lemon and orange squashes and cordials, jams 
and jellies, marmalades, preserves (Murabba), 
and candied and crystallized fruits are canned in 
India. The fruit juice canning industry has not 
yet attained a significant size. The popular pro- 
ducts arc: orange, pine-apple, and tomato juices. 
Fruit juices are usually preserved in sealed sani- 


tary tin cans. The Fruit Products Order (F. P.O.) 
requires that the final product should contain 
only fruit juice. The minimum percMUilage of 
fruit juice in a squa.sh should be 25. Popular 
squashes are orange, lemon, mango, and pine- 
apple. They are .sold in sealed quart bottles. 
Barley waters are made from barU'y starch and 
lemon, orange, or grape-fiuit juice. Accoiding 
to F.P.O., the perc(‘ntage of barley starch should 
not be It'ss than 0-25 and that of the fruit juice 
not less than 25. 

Pine-apple, guava, peaches, peais, ap!ic(»ts, 
berries of all kinds, cherries and plunrs rie u.sed 
in the preparation of jams. Vaiious combina- 
tions of fruits are used to obtain blendi .1 llavours. 
Oranges and combinations of grape-fruit and 
lemon orange are used in the preparation of 
marmalades. 

Murabbas are similar to pr(\s('rves, but arc 
often spiel'd. The fruits an? cooked cither whole 
or in large pieces in heavy sugar syrup until the 
concentration of sugar reaches 55 70L' . The 
fruit retains its shape and the finished product is 
surrounded by a clear thick syrup. A pro- 
duct of bi'ttcr llavour and colour is obtained by 
cooking the fruit for .short periods on successive 
days, adding sugar I'ach time until the syiup is 
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sufficiently concentrated. The industry is well 
established in north India. Murabbas arc made 
from fully developed, under-ripe or just ripe 
fruits of practically any type, those corumonly 
used being, Amla (Phyllanthus emblica), mango, 
apple, peaches, pears, strawberry, apricots, cher- 
ries, and figs; vegetables such as carrots, are also 
used. Murabbas are packed either in tin con- 
tainers or in sterilized glass jars. 

Large quantitites of candied fruits are prepared 
and canned in India. The fruits commonly can- 
died are: lemons and oranges, cut and dried 
orange and lemon peels, pears, pine-apples, apri- 
cots, grapes, greengage, and eh n ries. Petha 
(Benincasa hispida) and ginger arc^ also candied 
(see Confectionery). These products are packed 
in tins or glass containers. Candied fruits are in 
great demand and are used as additions to cakes 
and puddings. 

Vegetables . — The scope for dovelopmg vege- 
table canning industry in India appears to be 
somewhat limited. The principal consumers 
for canned vegetables are the Defence Services. 
At present, two types of canned vegi.daliles an* 
produced, viz., vegetables canned in brine, and 
vegetables, curried, cooked, and canned. 

The following vegetables are canned in brine: 
potatoes, peas, cauliflower, tomatoes, carrots, 
red pumpkin, and cabbage. Potatoes, tomatoes, 
and red pumpkins are peeled, and carrots scraped. 
They are canned whole or in pieces in A-2i size 
plain or lacquered open top cans, using brine 
with or without sugar as packing medium. The 
filled cans are exhausted and closed by a double 
seamer. The cans are processed i:i a pressure 
cooker. 

For canning potatoes, selected and washed 
potatoes are blanched for c. 5 min. in boil- 
ing v^ater and peeled. They are filled into 
A-2J size plain cans and cold brine poured to 
fill the container. The cans are exhausted in live 
steam for 5 min., sealed, and processed for c. 40 
min. at 240 "F. at a pressure of 10 Ib./sq. in., and 
cooled in running water. 

According to Indian Army Specifications, the 
vegetables ca.ined shall be prepared from selected 
raw vegetables of sound quality, fnjsh and free 
from disease, discoloration, insects and fungi. 
Only the edible portion of the vegetables shall be 
prepared for canning. The vegetables should be 
free from impurities, adulterants, chemical pre- 
servatives, and artificial colouring matter. The 
product shall have ihe taste and flavour charac- 
teristic of the vegetables used, and shall be free 
from any objectionable flavour. The net con- 
tents of each can shall not be less than 27 oz. 
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except in the case of potatoes where it shall not 
be less than 29 oz. Each can shall be printed, 
lithographed, or stencil led, giving particularr- like 
description of contents, net wt., name of the 
manufacturer, dati? of manufacture, and the F.P.O. 
number. The specified limits for h(?avy metals in 
canned vegetabli's are: IM>* (^^ .(> I,') p.p. 

ni.; Zii, p.|>.iii.; Sii, .:(>1 griiia/Ii>.; and As, 0*()1 
grain /lb. 

Tomatoes are packed in tomato juice; a mix- 
ture of salt and cane sugar or of cane sugar aqd 
dextrose not exceeding 2'/t may be added. They 
are packed in A-2.J lacquered or plain cans, 
double-seamed and processed. 

The Indian Army Specification stipulates that 
canned tomatoes shall be prepared frotii ripe, 
whole tomatoes of uniform colour, free from 
blemishes, well-graded, peeled, cored and trim- 
med. The canned product shall be free from 
pieces of skins, stalks, cores, chemical preserva- 
tives, and artificial colouring matter. The pro- 
duct shall have the? taste and flavour caaracteris- 
tic of canned tomatoes of good quality and be 
free from any objectionable flavours. The net 
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contents of canned tomatoes shall not be less 
than 28 lb. 

Canned curried vegetables cooked to Indian 
tastes arc a recent innovation. They are made 
mainly for the Army. The following varieties 
are used: potatoes, cauliflower, peas, tomatoes, 
carrots, cabbage, and Bhindi (Hibiscus esculen- 
tus). The vegetables are used whole or in pieces. 
Combinations of potatoes and peas, potatoes and 
tomatoes, potatoes, cauliflower and tomatoes, 
potatoes, peas and cauliflower, potatoes and cauli- 
flower, cabbage and peas, carrots and peas, are 
also used. The vegetables arc fried in hydro- 
genated oil along with salt and spices such as 
rai, cumin seed, asafoctida, red dry chillies, tur- 
meric, and coriander. The curried vegetables are 
packed in A-2J plain or lacquered cans, closed, 
and processed in a pressure cooker. 

Fish. — The demand for canned fish in India is 
small and is met by imports from Europe and 
America. The absence of regular supplies of fish, 
lack of good and cheap containers, and the short 
duration of the canning season (100 days in the 
year), have stood in the way of developing the 
industry in India. A mobile cannery would 
perhaps provide an answer to the problem of 
irregular supplies of fresh fish (Brochure 
Marketing of Fish in India, 1948, 14). 

The Madras Government established a factory 
for canning sardines in 1915. Mackerels, pomirets, 
prawns and seer were also canned in small quanti- 
ties. The average yearly production of canned 
fish during the period 1915 — 1930 was 10—15 
tons. The product was exported chiefly to 
Malaya, Burma, and Indo-China. The factory was 
closed in 1930 due to financial difficulties. 

Meat and Poultry. — There is no meat canning 
industry in India at present. Canning, however^ 
offers enormous possibilities for meat foods 
cooked according to the recipes popular in India, 
e.g., Pilao, Korma, Koftas, Rogan Josh, Keema, 
etc. There is scope also for the production cf 
canned piggery products. The annual demand 
for such products in India is estimated at 
350,000 lb. In addition, an export market may be 
developed in Burma and Indo-China. Tinned 
ham, bacon and sausages, comparing favourably 
with imported products, have been produced by 
Messrs. Edward Keventer, Aligarh. 

There is at present no production of canned 
chicken. The essence of chicken produced in 
Calcutta and Kanpur is packed in sealed 
ampoules for use as a recuperative food for con- 
valescents. It is prepared by digesting dressed 
or minced chicken in an autoclave; the liquid 
extract is filtered and packed. The demand for 
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this product is estimated at about Rs. 2 lakhs 
per year. 

Nutritive Value 

As canned products are cooked under con- 
trolled conditions, the nutritive value of the raw 
products is well preserved. Calcium and phos- 
phorus present in raw foods are rendered more 
easily available. The roughage is softened. 
Cooking is more thorough and the food is easily 
digested (Kohman et ah, Industr. Engng Chem., 
1934, 26, 761; Jones, 270). 

The effect of canning upon the vitamin value of 
foods is probably negligible; slight losses on 
prolonged storage are probable though not 
certain. Much work has been done on the vita- 
min contents of canned fruits and vege- 
tables, but little appears to have been done on 
canned fish and meat. Vitamin A and carotene 
are not destroyed in canned meat, bottled vege- 
tables, and fruits. Vitamin is little affected 
by exposure to 100 ’ in acid or faintly acid rr edia, 
but it is readily destroyed by alkali even at low 
temperatures. Vitamin Bg is comparatively 
stable in acid media (pH. 4*5 — 5*0), but it de- 
composes in strongly acid and alkaline n;edia. 
Fresh foods such as cabbage, cauliflower, carrots, 
bel (Aegle inarmelos), etc. give a higher ascorbic 
acid value on cooking. Vitamin D is not des- 
troyed by oxidation, heat, acid, or alkali. 
Vitamin E, like Vitamin A, is resistant to heat 
(Jones, 271). 

As a result of studies on the influence of dura- 
tion and temperature of storage on the vitamin 
contents of canned foods, it has been found that 
the retention of ascorbic acid and thiamine is 
affected by temperature of storage rather than 
by the storage period, while the reverse is true 
of riboflavin and niacin. Carotene retention is 
not greatly affected by storage conditions. 
Canned foods retain vitamins better when stored 
at 50 T. than at higher temperatures (Guerrant 
et ah, Indmtr. Engyig Chem., 1948, 40, 2258). 

One of the advantages of canning is that the 
cans are not affected by insect and rodent pests. 
Spoilage in canned foods may be due to under- 
processing, leakage after processing, or to low 
sealing temperature. Heat resistant .spores may 
be present in under-proce.ssed cans confaining 
foods with a pH. 4*5. The organisms likely to be 
present are: thermophilic types — aerobic flat 
sour group (B. stearothermophilus), the aerogenic 
anaerobe, Clostridium thermosaccharolyticum, 
and the non-aerogenic, hydrogen sulphide produc- 
ing anaerobe, Clostridium nigrificans; and meso- 
philic types — putrefactive anaerobes and aciobic 
.spore formers (Jacobs, II, 353). Aerobic flat sour 
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organisms produce acid but not gas. The cans 
remain Oat. These bacteria predominate in low 
acid foods. The product docs not change greatly 
in appearance but develops a slight d^'-agu^eable 
odour. Aerogenic anaerobes produce swelling of 
the container due to the formation of hydrogen 
(Hydrogen Swells). The food has the odour of 
butyric acid. Clostridium nigrificans produces 
hydrogen sulphide but its occurrence is rare. 
Putrefactive spoilage occurs chiefly in low acid 
foods and is characterized by the swelling of the 
can. 

Spoilage due to leakage is brought about by a 
variety of organisms including cocci and pleo- 
morphic rods. The can swells, mostly due to 
carbon dioxide accumulation. The contents of 
dilferont cans vary greatly in odour and appear- 
ance; some are frothing; others are slimy. 

The presence of food-borne pathogenic orga- 
nisms, the most important of which is Clostridium 
hotulinum, is responsible for cases of illness 
following the consumption of canned food. 

Examiyiation of canned foods. — Periodical exa- 
mination of canned food, from stores as Vvcll as 
during manufacture, is a necessary and routine 
procedure. The cans are examined for rust, bulge 
and leaks. Blown cans arc tested for the presence 
of hydrogen. After opening, the contents are 
analyzed for metallic (tin, lead, copper, bismuth, 
zinc, and arsenic) contamination. Routine tests 
are made for percentage composition, metallic 
contamination, acidity, and artificial colours. A 
complete bacteriological examination is carried 
out in the case of blown cans. 

Production and Trade 

Table 2 gives the output and value of canned 
fruits and vegetable products during 1947-48. 


TAULK J ()XTTin_:T OE (^ANN'KI) I’KODVC TS* 



Oty. 

(lb.) 

Valuu 

nta.) 

Canric'(l fruits 

3,L’l\L*sr) 

2,S7,IOO 

Cniiiiod v(‘^«‘tal)|c.s 

7(b!13D 

50,021 

Fruit jiiic'OH, cor- 

dials k ^syrups 

.34, 00, 232 

27,14,10.5 

Jams, jclli(\s and niariii da- 
dcs 

0.01,400 

7,S0,.5S0 

Kotcluii)s 

S3,004 

70,024 

Candiod iind rrystiilli/fd 
fruits 

07,31.5 

1,12,401 

J’rosorvus (Murubhas) 

15,80,320 

10,02,130 

Total 

05,2s,2r»;! 

51,20,203 


♦ Indiuii 'I’arirf Bil, ('untinuaHCf' of proterliuii. to thr 

l*rv8t’rL'cd Fruit Industry^ 


TA15LK 3 -IMtODUCrrON COSTS AN^D FAIR SRLLTNG 
PKICES* 



of Pro- 
duction 
(Us.) 

Fair Selling 
Price 
(R«.) 

PiMiclios cannod in syrup 
(24 X A-2i sanitary cans ; 
content, 45 lb.) 

37-033 

38-833 

Apricot jam (4S < lb. 

cans ; rontont, 72 lb.) 

02 • .502 

04-0.32 

Orange marrnalado (48 ;< 1 1 
lb. cans ; coiitt'iU, 72 lb.) 

.50-481 

60 021 

Orange scpiash (12 x 20 oz. 
bottlos; eoMioid, 24 lb.) 

20-405 

20*705 


*liidinn Tariff Bd, Rvp.^ 34-37 


rABLK 4 - I’RiriO OK CANKED KRUIT PRODUCTS 


Canned fruits (24 >; A-2J cans) 

Jams (48 x 1 A lb. cans) 

Marinalad(*s (48 X IJ lb. cans) 

Murabbas, per lb. 

N'aliio 

(Ra.) 

30 36 

60 

60 

1 

TABUE .5 -DUTY OV 

IMPORTS OF CANNED FOOD 


Natin’o of 

Stamlard rato 


duty 

ofiiuty 
fad ml ore m) 

V('gotablos (tomatoes. 

Predbrontial 


potatoes, onions, ami 

rcvcniio 


cniiJiflowxr) 


} -S'-i* 

Asparagus 

do - 

24% I 

N'egetablcs, other sorts 

do-- 

3"%J 

Fruit ^ (uj>ri«-ots. 

Proto(’tiv4> 


bciTji s, grajjcs, ph'niH 


41 rid prunes) 



I'ineapplo 

-do- 

•■*2% 1 

Fruits, other sorts 

-do - 


Fruit jni(-os (4i[)ricols, 

-do- 


bciTics, grapes, pino- 
a.p[>lcs, plums and 

prunes, or iniNturos) 


4oo;.** 

Fruit jiiuos, siptashos, 

do- 


coi-<lials, and syrups 


not Jithoi'wiso spor-iliod 

fTatiis. jollies ; t-aridicd 

d<j- 

SU‘\, 

ami crystal lizod fruits 

Kotr-liups 

Jiovfaiuo 

30% 

Souj», ba(-on, ham, and lard - do- 


Alcat ; Sardines, pilchards. 

-rlo- 

20% 


Wild otlmr lisli 

♦ For lirtidos mnnufncturod in British Colonies. 

** Fur artirlos nuinnractiirud in couiitrios othor than 
Biitinli (.'uloiiioM. 
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TAULK 0— IMPORTS OK (’AVXKI) PRODI O'I'S 


CANVAS 


CanncHl or 

bottlod fruits and jollios 



QI.V. 

(1,000 

c\vt.) 

Value 

(lakh 

Ha.) 

Qty. 

(I.OOO 

(’Wt.) 

Viilua 

(lakh 

Ha.) 

ll)34/.3n— 

(av.) 

45M)4 

10-90 

IS- 97 

0-S2 

]ll4;{/44 (av.) 

24 • 02 

0 • SS 

14-72 

0-OS 

l‘.>44-‘15 

3 09 

1-74 

17-41 

7-0.1 

104a-4r» 

4-22 

1-90 

21 -SO 

91;1 

1040 47 

7-7.-I 

.1‘09 

7', 10 

4 -OS 

1947-4K 

2 00 

1-9.1 

;i7-,ii 

22 -SO 

ia4S-49 

0-17 

:i-97 

.I-?! 

:i-oi 

l!)49'.'j() 

0-7:i 

4-S7 

0-01 

4-4S 


(’und<‘ri><c<l milk 


(^iiiniMl 1 

ish 

AV1h»Jo milk 

SkirmniMl milk 

Qt.v. 

(M»00 

evvt.) 

N'aliio 

(Uikli 

Ua.) 

Qi.v. 

(1,000 

vwt.) 

N’nluo 

(lakh 

Us.) 

(1.000 

cwt.) 

Value 

(lakh 

44-09 

10-SI 

24-57* 

10-1.1* 

2.3 -S9* 

4-S4* 

0-7,1 

3-97 

I7-.3.1 

S-.12 

7-29 

1-90 

o-sO 

0-S.1 

.34 -SO 

21*4.3 

0-2S 

0*00 

7- 19 

;i4-7 

l!»-24 

12-24 

4-11 

2-S2 

7-24 

O-ilO 

92-19 

59*07 

0-41 

0-20 

3-S2 

4 -.34 

102 10 

SO -.37 

9- 19 

0-71 

2 -OS 

.3 -OS 

2.31 - .IS 

17.1 ■ 0.*i 

19 .30 

14-44 

4- II 

0-31 

119-09 

104-S3 




* Ki^'iirow f«»r only. 

Table 3 gives the estimated cost of production 
and fair selling pric(? in 1949 of dilfi.'nmt canned 
products (Indian Tariff Bd, Rep,, 34-37). 

. Table 4 gives the average prices of c inned fruit 
products in January 1950. 

Imports of canned products into India are 
subject to revenue and protective duties (Table 5). 

CANVAS 

The term canvas is applied to heavy fabrics 
manufactured from tlax, cotton or jute, or from 
a mixture of cotton and Jute. The fabrics are 
generally water-proofed and u.sed for tents, sails, 
awnings, beltings, and hose pipes. 

The canvas i.iduslry owes its development to 
World War II, and two of India’s major indus- 
tries co-operated in producing a new material-" 
the cotton-jute union fabric, which met many 
exacting requirements of the Services during the 
emergency. 

Cotton canvas is a single warp woven fabric, 
while jute and jute-coUon union canvas are of 
double warp structure. 

Jute canvas was introduced during the War 
as a substitute foi’ cotton canvas in order to 
conserve cotton for special requirements. It 
is a closely woven cloth of fine texture weighing 
14—24 oz. per yd. (36 in. width), and made from 
the better spinning types of white and tossa jute. 
For the best grades, tossa jute of the highest 
quality is used and particular attention is given 
to the regularity of the warp yarn to obviate 


thicks and thins which may cause pur holes and 
subsequent trouble in proofing. Special care is 
also given to bvamin;; foi* c isuring uniform warp 
tension and to size for minimizing chafing of 
tightly pack('d warp threads in healds. Greater 
care than is usual is required also in preparing 
weft yarns to ensure regular shotting or picking. 
Jute canvas is widely used in India for boat 
hatch covers, sun blinds, covers for merchandise 
of all descriptions and, after application of lin- 
seed oil paint or impregnation with bituminous 
materials, as tarpaulins. Two or more layers of 
cloth may be bonded together by bituminous 
materials. It may be processed and rendered 
rot-proof and water-pr(.)of. 

The bulk of jute-cotton canvas rnanufactuied 
in India during the War was used for the pro- 
duction of water holding stores. The water- 
proof quality of closely woven union canvas is 
improved by scouring in a jigger with a hot .solu- 
tion of soap and soda. The water-proofness 
depends on the closeness of the weave and the 
swelling of the fibres on wetting. For w^ater- 
holding stores such as tanks and troughs, the 
canvas is proofed by the application of a wax- 
aluminium stearate composition. An improved 
quality of jute-cotton union ca.ivas, in which 
bleached jute weft is used, possesses a high degree 
of water tightne.ss. It is compactly woven, 
scoured, and finished; it may be used for large 
water-holding stores without proofing treatment. 

Indian cotton, jute, and jute-cotton canvases 
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are somewhat inferior to imported flax canvas in 
durability, but are otherwise of excellent quality. 
Duri/ig the War years, the Indian industry acquir- 
ed considerable experience in the manufacture of 
canvas, particularly of union canvas, and no 
other country has even approached the standard 
of quality attained by the Indian industry in 
this field. The all-cotton canvas for motor hoods, 
developed by the jute industry in co-operation 
with the Ordnance Laboratories, Kanpur, is also 
of excellent quality. The Shirley Institute 
(Manchester) subsequently developed a special 
all-cotton canvas for which great claims were 
made, but as no direct comparison between the 
Indian and the Shirley product has been report- 
ed, it is not possible to draw any conclusion as 
to their relative merits. 

Uses . — Among the many uses for canvas, men- 
tion may be made of water-proofed tarpaulins and 


wagon covers. During the War, the entire out- 
put of cotton canvas (18 oz.) was wax-proofed 
and used for tarpaulins. The canvas was made 
in khaki and Scamic 207 shades. Cotton canvas 
(21 oz.) was used for motor hoods. The mate- 
rial was wax-proofed (wax, 15% by wt.) and 
shaded sand-brown or Scamic 207 and used as 
wagon covers. A part of the manufactured 
material dyed in Scamic 207 shade was rot- 
proofed and water-proofed and used in the 
manufacture of mat bridges. Water-proofed jute 
canvas (19 oz.) was largely used for tarpaulins. 
Considerable quantities of this material were 
shipped to Russia during the War as tentage. 
Rot-proofed canvas was used for stretchers. A 
heavier canvas (20 oz.) was used for the manu- 
facture of store tents. 

Jute-cotton union canvas was used in the 
manufacture of Chaguls and water tanks. The 


TARLK 1— SPKCTKTrATTON'S FOK COTTON DICKS AND CANVASES 


Bronkin^ Wonvo (?hief uses 



Specifica- 

tion 

Minimum 
weiglit j>or 
8r|. yd. 
oz. 

Threads 
per inch 

Warp Weft 

Count 8 
of yarn 

Warp Weft 

Htrongth fin 3 
in. wide strip 

/ 1 

Wari) Weft 

lb. lb. 



CanviiH, ooiton, 
light, Kcourod and 

ca;s 2 (tt) 

9i 

31/32 

31/32 

4is 

58 

290 

310 

Plain 

Shoot ground inflatahle 
lieavy weight 

ruhborizod 

(’’anvna, cotton. 

CXS/70 

11 

00 

50 

2/15S 

2/1 08 

320 

340 

»» 

\V\itorproof enpea 

khaki, wntor- 
fjroofed 

CanvaH, cotton. 

CXS;82 (a) 

11 

8H 

.50 

Os 

08 

.350 

300 

Dosootio 

(^auvtm Hhoo up()ers 

white or brown 

Duck, cotton, light, 
dyod/undyed or 
wator-jiroofejl 

CXS/93 

11/12 

42 

32 

3.10s 

.3/lOa 

375 

350 

Plain 

Ration hags, tools lolls, 
capes, tent compononta 
bonnet and radiator 
covers 

Dwk, cotton 

C.P. 10 
W.S.Cl.A. 

14 

42 

2S 

.3/13.S 

,3/1.38 

4.50 

.350 


Kit bags 

Duck, i'otton, heavy, 
<lye<l/ undyed or 

cx;o3 

15 

42 

30 

.3/1 3h 

,3/1 3 s 

450 

450 


I[old-all% light waterproof 
covers and nose bags 

wator-proolV^l 

CanvnH, cotton, light, 
dyod/undyed or 

water- proofed 

TND/TC/Jli’T IS 

so 

20 

3/1. 3» 

O/lOs 

coo 

550 


Ajwons, hold-alls, tank 
covers, valises, camp 
baths and basins 

Canvas, cotton, 
khaki dyed and 

O/Tex/ 

C-4r,G 

IS 

4S/.'i() 

20 

3/1.3a 

0/1 Os 

soo 

560 


Motor hoods, watorproof 
covers, and tarpaulins 

proofed 

Canvas, cotton, 
special, dyed and 
water- proofed 

IND/TC/ 

0129 

20 

70 

04 

3/lOs 

.3/ 10b 

fiso 

750 

Dosootie 

Motor hoods, curtains, 
shelters, and portable 
mat bridges 

Canvas, cotton, 
lieavv 

IND/TC/ 

0127 

24 

00 

20 

3/10h 

O/lOs 

700 

000 

Plain 

double 

Stretchers, camp bed- 
Hteads, chaira and 


warp stools, hold -alls for 

heavy tools, saddles, 
and nufle bags 
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TAHJJO 2 -SPKCIKKWTIOXS KOU JUTK 


A.VI) JUTK COTTON* I’NION^ CAXVASKS 



S] M».”ilifa- 
lion 

Miniinuin 
\vt. |)('r 
St|. V(l. 
('•/.) 

Tliroatls 
ptM* in, h 

f \ 

Warp Weft. 

of Rroakin^ 

yarn slrt'ngth(4 in. 

wi,lo strip) 

/ ^ > 

XVarp Woft Warp Wt'ft 

W’oava 

1 Chief uses 

Canvas, (Whitt') 

l.M i>7rjS 

IS 

:ir> LS 

40 10 


000 

550 

Plain 

(tionhio 

warp) 

( Vnirso hags 

Canvas, juto (Tossn) TM,LMnl/C 
spof'ial 








(Da, la A 


»» 

1 1 ro 

h] Ih. 11 III. 72a 

pfi* per 

spinillo spitiUlo 

75() 


Strotfhors, enmp ami , lock 
fhairs, toutH, wagon 
covors, and tarpaulins 




4A 20 


M 000 

650 

f » 

Bags, teids^ wagon onvers, 
niul tarpaulins 

Gfado (1 


f$ 



OaO 

000 

•• 

Bags, tents, wagon covors, 
and tarpaulins 

(*ativns, jutt''C‘>U on 
union, s,M)uro,l 

INI.) TC, 

lMM.M 

22 

.‘{0 

.*1/1 OS 

(rMtton) 

Sj II)./ .‘iriO* 

Mpindlc 
(jnto^ 

500* 

tr 

Wator-holding stores 

Canvas, juto-cotttm union, IM 

ff 





»» 

Whaler holding stores 


wMtor I'ronfoil 

* 2 in. slfip. 


chagul is a bag somewhat similar in shape to 
Mashk witli a capacity of about gallon. It 
is unprool'ed and is used for carrying drinking 
water. It allows a coitain amount of water to 
evaporate from the outer walls thereby cooling 
the contents and permitting the individual sol- 
dier to carry his own supply of cold drinking 
water. Chaguls were originally manufactured 
from flax canvas and the Indian jute-cotton union 
canvas was found to be equally elTiciont for the 
purpose*. 

Tables 1 and 2 give the specifications for (1) 
cotton canvases and ducks, and (2) jute and 
jute-cotton union canvases respectively, issued by 
the Indian Ordnance S(‘rvice to which most can- 
vases manufacturc’d in India conform. 

It is proposed to replace the ordnance cotton 
canvases and ducks by 12, 16, 20, and 24 oz./sq. 
yd. canvases and 10, 14, 18, and 22 oz./sq. yd. 
ducks. The new canvases are more closely woven 
and therefore offer a higher resistance to air 
than any of the existing varieties. They can be 
used wherever windpioofness is required. The 
new ducks are hard-wearing and can be nor- 
mally used in the unproofed state where resist- 
ance to noirnal wear and tear is of greater 
importance than waterpioofriess. Also, it is pro- 
posed to abolish Grade C spc'cial jute canvas 
and to alter the breaking strength of Grade B 
special jute canvas to 625 lb. both in the warp 
and weft directions. 


Production and Trade 

There are at present 10 cotton mills equipped 
for producing cotton canvas, but only 3 of them 
are producing this item, the total number of 
looms in use being 50. Jute and jute-cotton 
union canvas are manufactured by jute mills. 

Table 3 gives the annual production of canvas 
tjute and jute-cotton union) by jute mills who 
are members of the Indian Jute Mills Associa- 
tion. 

TAHLK DKODUOTIOX op JT:tK a- xrx I on canvas^ 



Ql.v. 


(tons) 


5,171 

io:io-4o 

4,407 

];)4()-4i 

10,095 

1041 42 

7 4S5 

1042-45 

S,001 

104.5 44 

7,405 

1044 45 

5,107 

1045-40 

4,079 

1040-47 

‘>,(i05 

I047-4S 

I,7H7 

104S 40 

2,.s78 


* Tniliiiii .Tuto Mills AsAo(‘iation. 
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TATU.K 

4 TVJ*()HTS OK 

KAXVAS 






*(lt tdll 


Kliix 

Jilto 



. — 


, — 





gtv. 

X'liliin 

Qty. 

Vnlno 

Qty. 

Value 


UU \, 

J^.) (liiK-li Hs.) 

(Inkli yd^.) 

(lakh Ks.) 

(lakh ydM.) 

(lakh Its.) 

(nv.) 

7- Hi 

.7 7.4 

1 1 .47 

1 1 - IS 

ti;m 

0 ;io 

]‘t;j!);4<) -i!»4tt;t4 (uv.) 


2 • i>:t 

.4 Hi 

4 47 

0 14 

0 011 

1044 4.7 

<1*11 

0* IS 

U-OS 

0-42 



l‘)4.7 4ti 

i»-n 

II *24 

or>*i 

0-4() 



nM()-47 


1*44 

112 

2 IH) 



l!»47 IS 

1 -IM) 

2 -.71) 

1-.72 

.7 2<) 



I!MS-4!t 

I-lM 

4- 11 

r>‘r,n 

11 

. . 


i:»4!) 

o-Jiri 

2-52 

\‘Xl 

4-27 




i!»ai,:r*- :t!) (mv.) 

(a\.) 

I!>4(} 17 
I!»47-<S 
l!>4S.40 
p.MM .“»n 

The' pioduclion of cotton canvas in 1947 was in an immense variety of compounds. Coal is 
54 69 lakh yards corresponding to c. 1,295 tons carbonized vegetable matter found in seams or 
(Secrid Census of Manufactures, India —1947, strata below earth’s surface. In combination with 
459, 464). The production during August- hydrogen it occurs as hydrocarbons in petroleum. 
December 1949 was 49 52 lakh yards. It is also found in carbon dioxide in air (0-03%), 

Data relating to imports and exports of canvas as sodium bicarbonate in sea water, and as cal- 
are given in Tables 4 and 5. cium and magnesium carbonates in sedimentary 

rocks such as chalk and dolomite. 

CARBON Many carbons of industiial value arc prepared 

Carbon i.s piobably tlu' most widely distributed from coal and from organic vegetable and animal 
elerncmt in nature. It occurs in two allotropic matter. The resulting amorphous products in- 
crystalline forms, viz., graphite (hexagonal elude: charcoal, coke, and petroleum coke, 
system) and diamond (isomeric system); the Several carbon products are prepared and used 
foirner is soft and black, while diamond is hard in the electrical and elctro-chemical industries, 
and transparent. Charcoal, coke, and carbon Carbon 13, a stable isotope of carbon (at. wt., 
black, classified as amorphous caibon, are consi- 13), has recently come into prominence as a 
dered by some to repiesent a third allotropic tracer element employed in the study of biologi- 
form; they are said to b(» composed of very minute cal proce.sses. It is obtained from carbon corn- 
crystals of graphite by others. Carbon is an pounds by co.icentiating the minute quantity of 
essential constituent of all vegetaole a. id animal the heavier isotope, normally present in them, by 
matter in wdiich it occurs in combination with thermal diffusion methods. Carbon 14 or radio- 
hydrogen, nitrogen, oxygen and other elements active carbon, a product of the uranium atomic 
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pile, is used also as a tracer element in the study 
of plant and animal metabolism (U.S.D., 223). 

Carbon, activated 

The term activated carbon, active carbon, or 
active charcoal, is usually applied to amorphous 
carbons possessing higher adsorption capacities 
than wood or animal charcoal. Many processes 
were developed during World War 1 for the pro- 
duction of effective adsorbents for use in gas 
masks. Industrial activated carbons in the form 
of pellets, granules, or fine powders, and with 
many industrial applications, are now on the 
market under different trade names. 

Commercial adsorbent carbons may be grouped 
into decolorizing, gas adsorbent, metal adsorbent, 
and medicinal carbons according to their physical 
structure, properties, and applications. No one 
type of carbon can be used for all purposes. A 
large variety of raw materials are available for 
the manufacture of these products. Coal, petro- 
leum coke, and wood charcoal are activated by 
gas activation. Industrial wastes, e.g., saw dust, 
bagasse, molasses, straw, tan bark waste, coconut 
pericarp and shell, corn cobs, paddy and ground- 
nut husk, cocoa bean shell, distillery slop, waste 
mahua (Madhuca indica) flowers, waste wood pulp 
liquor, and filter press mud from sugar factories 
have been utilized for the production of active 
carbons by chemical activation. 

Dkcolorizing Carbons 

Decolorizing carbons are manufactured by: (1) 
gas activation, in which the raw materials are 
first carbonized and the resulting charcoal heated 
to a high temperature in an oxidizing atmos- 
phere; (2) chemical activation in which the raw 
materials arc impregnated with a chemical, ex- 
truded, and carbonized; and (3) deposition of 
carbon on a porous inorganic base; no activation 
is needed in this case. 

In the gas activation process, the raw material 
is carbonized under controlled conditions in closed 
retorts. The resulting charcoal is crushed, 
screened, and heated in a second retort at 1,000” 
for 10—20 hrs. in an atmosphere of air, carbon 
dioxide, chlorine, super-heated steam or a mix- 
ture of steam and air (Thorpe, II, 315; Perry, 
1299). Raw materials which do not possess the 
necessary density and structure for direct con- 
version are briquetted prior to carbonization. 
Briquetting gives a higher yield and a better 
product. Bituminous coal, anthracite, petroleum 
coke, etc., are first carbonized, ground, and bri- 
quetted with a binder such as tar, pitch, petro- 
leum oil, etc., recarbonized and gas activated. 
In the process for the direct conversion of 
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coal to activated carbon, the crushed material, 
screened to I'i in. pieces, is carbonized at 
450— 500^, and steam activated at 950’ in conti- 
nuous vertical retorts. The yield is about \2\% 
of the coal taken (Thorpe, II, 316). 

For activation by chemical treatment, the raw 
material is ground and pasted with chemicals, 
e.g., chlorides of zinc, calcium, and magnesium, 
alkalies, sulphuric acid, phosphoric acid, sodium 
silicate, boric acid, potassium sulphide, lime, 
ferric chloride, or potassium thiocyanate. The 
paste is extruded under pressure, dried, and 
carbonized in gas retorts at about 1,000”. The 
charcoal is cooled, washed with hydrochloric acid 
and water to remove inorganic residues, and 
finally dried at about 300'. A fluidization tech- 
nique has been recently developed in Fra.ice for 
the production of activated carbon (C/iem. Tr. 
J., 1949, 124, 702)). 

The third process gives a product with a porous 
structure and appreciable mechanical strength. 
The raw material — saw dust, sea weed, peat, 
molasses, etc., — is mixed with infu.sorial earth or 
pumice stone or insoluble salts, and the mixture 
strongly heated. The carbon gets deposited on 
the porous inorganic base. A similar product is 
obtained when a high ash vegetable product, 
such as paddy husk, containing an appreciable 
percentage of silica, is carbonized (Perry, 1298). 

Decolorizing carbon is used for (1) removing or 
improving the colour and flavour of edible mate- 
rials, such as agar-agar, beer, cider, wines, whisky, 
vinegar, fruit juices, gelatine, pectin, and cacao 
butter; (2) removing colour, odour, grease, and 
colloids from dry cleaning fluids such as naphtha, 
gasoline, carbon tetrachloride, etc.; (3) dephenoli- 
zing eflluent gas-works liquor; (4) freeing potable 
water from excess chlorine and traces of phenol 
to remove objectionable taste (certain types of 
carbon, e.g., paddy husk carbon, are effective in 
the removal of fluorine); (5) removing oil and 
grea.se from boiler feed water and electroplating 
solutions; (6) recovering iodine from sea water, 
and bromine from brines; (7) reclaiming aniline, 
benzene, phenol, and camphor from trade wastes; 
and (8) preparation of biological products like 
vitamins, hormones, and enzymes. 

The liquid to be decolorized is mixed thorough- 
ly with the required amount of carbon, the mix- 
ture is raised to a suitable temperature and 
stirred for 15-30 min. The carbon is removed by 
settling or liltratio.i. The extent of decoloriza- 
tion is dependent on the efliciency of mixing. 
Activated cai bon has been employed as an adsor- 
bent in penicillin production. The drug is 
adsorbed on carbon from relatively weak solu- 
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tioris and penicillin is quantitatively recovered by 
eluting the adsorbate. A similar method is em- 
ployed commercially for the manufacture of 
stieptornycin and some hormones (U.S.D., 248). 

Active caibons have been used as carriers for 
catalysts, and also as contact catalysts in the 
manufacture of chlorinated hydrocarbons (Gre- 
gory, I, 166). They are used as catalytic de- 
hydrogenating agents in the production of ketones 
from higher alcohols. 

Testing . — The most important property of de- 
colorizing carbon is its selective adsorption. 
This is assessed by measuring the adsorption of 
iodine, methylene blue, or phenol. In carrying 
out comparative measurements, the pH should 
be maintained at a definite level. Carbons requir- 
ed for decolorizing saccharine liquoi s are tested by 
nu'asuring thc'ir power to decolorize molasses. 
Caramel solutions are also used. The determina- 
tion of water-soluble matter gives an idea of 
the extent of contamination that results by using 
carbon. Carbons with low ash are preferred in 
the pharmaceutical industry. The pll of the 
aqueous extract is of value when carbon is 
used in unbuffered systems. The moisture con- 
tent influences the capacity of carbon to decolo- 
rize oils. The oil retention value is of importance 
in the oil refining industry as it gives an idea 
of the oil loss that occurs in the filter press cake. 
The screen analysis gives a rough idea of filtera- 
bility, which can be more diiectly determi.ied by 
a U’gular test using a small filter press. It also 
helps in ascertaining the suitability of carbon for 
percolation. The bulking value is of interest 
from the point of view of packing the caibon 
for transport. Revivifiability cannot be tested 
by any general test, and has to be ascertained by 
actual trials. 

Ga.s Adsorbent Carbons 

Gas and vapour adsorbe.it carbons are obtain- 
ed by carbonizing coconut shells, cohune (Attalea 
cohune) nut shells, cherry stones, apricot stones, 
vegetable ivory, and anthracite (Child, Curr. Sci., 
1947, 16 , 6). In recent years, methods have been 
developed for using softer materials which arc 
rendered hard a.id dense by briquetting. The 
carbons are gas activated. A preparation useful 
for gas masks has been obtained by chlorinating 
bituminous coal (6—20 mesh) until a 100% in- 
crease in weight takes place, pelleting the chlori- 
nated material with hydrolyzed starch as binder, 
baking, crushing (8 20 mesh), and steam activat- 

ing at 800' (Boyk & Ilass. [nclustr. Engng 
C/iern., 1946, 38 , 745). Gas adsorbent carbons are 
available in granular forms of specified mesh- 
ranges, e.g., 4x6; 12x20; j.e., retained by 6- and 
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20- mesli sieves, and passing throgh 4- and 12- 
mesh sieve,:. 

Gas adso/bent carbon is employed for the reco- 
very of gasoline from natural gas. P''or this pur- 
pose, charcoal of 8 — 14 mesh is packed in cylin- 
diical towt'rs to proper depth supported on 
screens. The gas is scrubbed through until the 
charcoal is saturated with gasoline. The adsorb- 
ed material is recovered by forcing saturated 
steam through the mass and condensing the 
vapours. The active carbon bed is revivified by 
cooling and drying by passing a stream of 
natural gas stripped of its gasoline. 

Adsorbent carbon is employed in gas masks, for 
solvent recovery in extraction plants, benzene 
ii^covery from coal gas, and recovery of alcohol 
and other organic substances carried as vapour 
with fermentation gases. It is used also for the 
removal of hydrogen sulphide from town gas, for 
the purification of carbon dioxide from distillery 
gases, and for the maintenance of vacuum in 
contai.iers for liquid air and, generally, in vacuum 
(tasks. In the laboratory, it is used for the pro- 
duction of high vacua, purification of gases, deter- 
mination of vapour content in a carrier gas, etc. 

Specification . — According to the Indian Army 
Sp('cification active? charcoal for gas adsorption 
in a respirator must be in the form of hard 
granules packed in clean, hermetically sealed 
drums and must conform to the following: 
(1) volume activity, not less than 12; (2) moisture 
content, 65—75% of the saturation value; (3) 
water soluble matter, 5% on dry charcoal; (?) 
acidity (calculated as sulphuric acid), 0-5%; (5) 
alkalinity (calculated as anhydrous sodium carbo- 
nate), 3 0^; (6) water-soluble chlorides, 0-5^r; 
(7) softness, 10% of fines. The sieve analysis 
should be as follows: 
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For testing gas adsorbent carbons, the analyti- 
cal data required are: (1) Service time, time re- 
(luired for the break through of a vapour under 
standard conditions of adsorption; (2) adsorption 



value, weight of vapour adsorbed under condi- 
tions of saturation; and (3) relent ivity value, 
weight of vapour held by a carbon through secon- 
dary valence bonds under standard conditions. 
The service time is determined with carbon tetra- 
chloride or chloropicrin and is of special interest 
in ascertaining its suitability tor gas masks. The 
adsorption value is of importance from the point 
of view of solvent recovery and retentivity, and 
provides information on the irreversible removal 
of certain components by adsorption from a gase- 
ous mixture. Low retentivity would be a desir- 
able characteristic when the adsorbate is to be 
recovered by desorption. Heat of wetting by 
xylene can be comparatively easily measured and 
can bo correlated with service lime and adsorp- 
tion value. Moisture content is of special in- 
terest for assessing the suitability of carbon for 
gas masks, as the proper adsorption of toxic gases 
occurs only within certain limits of moisture 
content. Sieve analysis provides an indication of 
the resistance offered by the material to the 
passage of gas through a given column of carbon. 
The hardness test is carried out by subjecting the 
carbon to a wearing action on a shaker under 
standard conditions. The production of too large 
a quantity of lines renders the carbon unlit for use 
in gas masks as they increase the resistance to 
breathing. 

Metal Adsorbent Chars 

Metal adsorbent chars arc prepared by alkali 
activation. Structurally, they are identical with 
decolorizing carbons and are converted into the 
latter by acid treatment. An active product is 
obtained by heating pine charcoal with alkali at 
850' . The product obtained has a negative charge 
when suspended in water; it flocculates at pH 
3-8 and settles rapidly. At pH 3 8 it is electri- 
cally neutral and devoid of its metal advSorbing 
power. It, however, possesses the properties of 
a decolorizing char. Treatment of the flocculated 
material with alkali docs not restore the metal 
adsorbent property. 

Metal adsorbent chars may be used for winning 
gold a. id silver from cyanide solutions in hydro- 
metallurgy; they have been successfully employ- 
ed as precipitant in place of zinc, in the Yuanmi 
gold mine in Western Australia. There is appar- 
ently a saturation point for chars beyond which 
metals are not deposited from cyanide solutions 
(Perry, 321). 

Medicinal Carbons 

Activated carbon finds application in the pre- 
paration of pills and digestive tablets. Its 
adsorptive properties are utilized in the treat- 
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ment of ailments of the stomach due to hyper- 
acidity. It removes toxic amines, organic acids 
of decomposed foods, and probably also bacteria 
from the intestinal tract. Large doses, either 
alone or mixed with kaolin, are administered 
for diarrhoea. It is used as a dre.ssing for sup- 
purating wounds. Among the ma.iy important 
uses of medicinal charcoal may be mentioned its 
valium as an antidote to various forms of poison- 
ing, especially those due to mercury salts, strych- 
nine, phenol, morphine, atropine, o.xalic acid, 
mushroo.n, and poi.son ; for which other antidotes 
are not available (U.S.D., 248). 

The Indian Industry 

Decolorizing carbo.i is used in appreciable 
amounts in oil refining, chemical, and pharmaceu- 
tical industries. The quantities required for 
refining one ton of oil and one ton of sugar are 
re.spectively 12 lb. and 45 lb. 

There has been a considerable amount of labo- 
ratory and pilot pla.it re.sc'arch in India on the 
production of active carbons. Tabh' 1 summarizes 
the recorded results. 

Small quantities of activated carbons are manu- 
factured on a commercial scale from bagasse, 
filter press mud, and paddy husk. The product 
is used for the refi.iing of gur. A f(?w of the 
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activated cai bons manufactincd in India are given 
in Table 2. 

Messrs. Calcutta Wood DistiUaiiou Co., were 
producing activated carbon during the War period 
by the carbonization of hard wood, and activa- 
tion by dry steam and compressed air. Coconut 
shell charcoal was being produced in south Lidia 
to meet military requirements (Child, Curr. Sd„ 
1944, 13, 245). 
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The annual requirement of activated carbon in 
India is estimated at 250 tons (Rep. Panel on 
Fine Cheviicals, Drugs and Pharmaceuticals, 1947, 
13). 

There is considerable scope in India for the 
manufacture of activated carbon from coconut 
.shells. It is estimated that 400—500 thousand 
tons of shells are available in India every 
year, of which only half is collected at 
pre.sent. Nearly two-thirds of the collected mate- 
rial is burnt as fuel, and from the rest about 
24,000 tons of active carbon can be manufactured 
on the basis of 30L' yield fMoudgill, Indian 
Coconut J., 1947-48, 1(1), 27; Rep. Marketing 
Coconut and Coconut Products in India, 1944, 
136J. Cochin Cheiiiical Industries have recent- 
ly announced the starting of a factory in 
Ernakulam with an annual capacity, of 500 tons 
of activated carbon from coconut shell. 

Imports. — The major part of India’s activated 
carbon requirements is now met by imports. 
Data relating to quantities imported are not 
available. 

The carbons imported into India, their prepara- 
tion and properties are given in Table 3. 
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CARBON DIOXIDE 

Carbon dioxide, COg, also called carbonic acid 
gas or carbonic anhydride, finds many uses in in- 
dustry. It is a colourless and odourless gas 
heavier than air occurring abundantly in 
nature. Ordinary air contains 0 03 — 0 04^,^ 
carbon dioxide. It is a constituent (concentra- 
tion, c. 4',f) ol the exhaled air of human beings 
and animals. Plant roots evolve carbon dioxide; 
there is a higher concentration of carbon dioxide 
in the air immediately above the soil surface 
than in atmospheric air. The concentialions of 
carbon dioxide in industrial gases are: blast- 
furnace gas, c. ll/v ; coal gas from retorts and 
ovens, 2- 4'r.; producer gas, 4-5S; and water- 
gas, 5- 7'/< . 

Carbon dioxide may be recovered from: (1) 
mineral water springs, (2) water gas, (3) Hue 
gases, lime kiln gases, and (4) fermentation gases. 
It may also be prepared by the action of mineral 
acids on carbonates. 

Carbon dioxide admixed with a little hydrogen 
sulphide and air is evolved fi’om a few mineral 
water springs. It can be collected and freed 
from impurities by washing successively with 
potassium permanganate solution and whaler, and 
compi-essed in suitable? containers. 

Water gas contains 5 — 7/r carbon dioxide and 
about 4()/r carbon monoxide. On passing the 
gas mixed with steam over a suitable catalyst, 
the monoxide is oxidized and a gas containing 
about 30'^; carbon dioxide is obtained. It is 
scrubbed with water under pressure (c. 25 atm.) 
when carbon dioxide goes into solution. The gas 
is released from solution by heating and purified 
by passing over heated iron oxide. 

Furnace gases obtained from the combustion 
of coke or charcoal contain about 20^, ^ carbon 
dioxide by volume. The ga.ses are passed 
through water scrubbers, whereby they are 
cooled and at the same time, stripped of the 
accompanying sulphur dioxide and dust. The 
scrubbed gas is absorbed in potash lye from 
which carbon dioxide (99*9%) is liberated, .scrub- 
bed through potassium permanganate or dichro- 
mate solution to oxidize the organic impurities, 
and finally passed over heated copper filings. The 
pure and bone-dry gas thus obtained is cooled, 
compressed, and liquefied. 

Carbon dioxide obtained as a by-product in 
the brewery and distillery industries is usually 
contaminated with water vapour, hydrogen sul- 
phide, alcohol, aldehydes, and esters. For ob- 
taining an odourless product, as required by the 
aerated water industry, the gas is cooled and 
purified by pa.ssing through dilute alcohol solu- 


tion (to remove the entrained wash), scrubbed 
with water, passed through potassium dichromate 
and .sulphuric acid scrubbers to oxidize the orga- 
nic impurities, then through a tower containing 
calcium chloride for drying, and finally through 
activated carbon for deodorizing. Spent activa- 
ted charcoal can be revivified by steaming. Silica 
gel may be used in the placqyf)!’ activated char- 
coal, the adsorption taking place under pressure 
(c. 80 Ib./sq.in.) The gel is regeneral('d by heat- 
ing in air. The purified gas is compressed to 
fiO 70 atm. and liquefied. F'or every 2\ gal. of 
190 proof ethyl alcohol, 17 lb. of carbon dioxide 
are produced (Shreve, 121). 

Lime kiln gas contains about 30^, o carbon 
dioxide. The kiln may be fired externally with 
producer gas, or intc'rnally with coke (lO'i- of the 
weight of limestone) and air blown in through 
the kiln. Coke, low in sulphur content, should 
be us('d. The kiln gas is purified by washing 
with water, and th(? carbon dioxide removed by 
Hushing with potassium or sodium carbonate in 
washing towers containing coke-packed grids. 
Inert gases and unab.sorbed carbon dioxide pass 
into the atmosphere, and the carbon dioxide 
which has passed into solution is iccovered by 
heating. 

Magnesite kiln gases contain approximately 
45 50L' carbon dioxide. Tlu' gas obtained when 
magnesite is calcined in closed containers or 
muffles, needs but little purification treatment. 
The unit yield, however, is low. When shaft 
kilns are employed for heating magnesite, the 
whole efilux of gases is tapped, and the carbon 
dioxide is purified as in the case of lime kiln 
gases. The yield is high. 

Till-: Indian Industry 

Carbon dioxide required for industrial purpo- 
ses is produced by the combustion of coke or 
wood. A part of the requirements is obtained as 
a by-product from distilleries. Carbon dioxide 
required for use in the manufacture of certain 
heavy chemicals and sugar is recovered from 
lime kiln gases. Other sources of carbon dioxide 
are not utilizc'd at present in the country. 

The principal manufacturers of carbon dioxide 
by combusting cok(' are: Sirdar Carbonic Gas Co. 
Ltd. with plants at Bombay, Calcutta, and Delhi 
(total capacity, 13 tons per day), Hindn.stan Gas 
Co.. Calcutta, and Spencer & Co.. Kanpur and 
Madras. Messrs. The Fertilizers and Chemicals, 
Travancore, Ltd.. Alwaye pioducc’ carbon 
dioxide by the combustion of wood. The Sindri 
Fertilizer Factory proposes to recover carbon 
dioxide from coke oven gas. 

Hard coke of grade A with 30% carbon is 
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used in the manufacture of carbon dioxide from 
coke. The sulphur content of the coke should 
be low. The coke is first used in a producer, the 
gas from which is utilized for operating a gas 
engine; the exhaust gases from the engine con- 
taining as much as W/i carbon dioxide are treat- 
ed to recover the gas. A part of the producer 
gas is utilized as fuel for heating lye boilers. 
The gas engine is used for operating the compres- 
sors and other plants. 

The exhaust gases arc passed through water 
scrubbers packed with lumps of limestone or 
sodium bicarbonate for cooling and removing 
sulphur dioxide, if pre.sent. The clean cooled 
gas is forced up through absorption towers 
packed with coke, and the carbon dioxide ab- 
.sorbed by a dilute solution (IS ’Be.) of potassium 
carbonate flowing counter-current to the gas. 
The carbonated lye passes through a heat ex- 
changer to the lye boiler where the absorbed car- 
bon dioxide is liberated. The lye boiler is fired 
by producer gas, and the exhaust ga.ses are also 
utilized for the recovery of carbon dioxide. The 
regenerated lye is pumped back to the absorp- 
tion tower through the heat exchanger and 
cooled for further use. 

The liberated gas is scrubbed with potassium 
permanganate solution to remove odorous and 
oxidizable impurities and passed through a 
water-cooled surface condenser. The purified 
cooled gas is compre.ssed by a horizontal, multi- 
stage compressor working in four stages (2 atm., 
3—4 atm., 10 15 atm., and 70 — 80 atm.) or in 
three stages (1—3 atm., 10 atm., and 77 atm.). 
Inter-coolens (water) serve to cool the gas after 
each stage of compression. The compressed gas 
is pas.sed through activated carbon and calcium 
chloride, and liquefied by cooling to 30 in water- 
cooled pipes followed by ammonia refrigeration. 
The liquid is filled into cylinders under pressure 
and gravity. The output of carbon dioxide per 
lb. of coke varies between 0*57 lb. and 0-85 lb. 

In the Fertilizers and Chemicals ^ Travancore, 
Ltd., Alwaye, carbon dioxide required for the 
manufacture of ammonium sulphate is obtained 
from two sources, viz., producer gas used for 
nitrogen production, and .spent gases from the 
hydrogen generator. 

Wood fuel is the source of producer gas. The 
gas is combusted directly in a gas-fired Bonecourt 
boiler. The products of combustion, after cool- 
ing and washing in Lymn washers, are delivered 
to a Girbitol scrubber and stripped of carbon 
dioxide by S'/t ethanolamine .solution before 
delivery to the crude nitrogen gas holder. The 
carbon dioxide released by regenerating the 
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ethanolamine absorbent is insufficient to meet 
the needs. A part of the spent gases containing 
27— 32'/V carbon dioxide obtained during the 
generation of hydrogen (by the reduction of pro- 
ducer gas by the steam-iron process) is passed 
through a second Lymn washer and Girbitol 
scrubber, for recovering additional carbon diox- 
ide. The absorbed acid gases arc separated from 
the amine solution by heating in a steam-heated 
reactivator. The lean solution, after pas.sing 
through a heat exchanger and a water cooler, is 
rc^turned to the absorption scrubber. The pres- 
sure in the reactivator is kept high enough to 
allow the carbon dioxide gas to flow through the 
acid gas cooler, and then to a gas holder of the 
oil-filmed annular seal type. The gas contains: 
COo. 99-10%; O.,, O-lOtf ; CO, nil; H., 0-10%; CH^, 
0-5; 0-65' i (Rutherford & Ruschin, Int. 

Chem. Enijng Process Indiistr., 1949, 30, 516). 

By-product carbon dioxide from di.stilleries is 
recovered by Parry & Co., Nellikuppam; The 
Mysore Sugar Co. Ltd., Mandya; Russa Distillery, 
Calcutta; The Punjab Distillery Industries Ltd., 
Khasa; Jagatjit Distilling & Allied Industries Ltd., 
Hamira (Kapurthala); and Alembic Chemical 
Works Co. Ltd., Baroda. The gas is collected, 
purified, compressed in cylinders, and utilized for 
aerated water manufacture. Carbon dioxide is 
also recovered in breweries, and the gas so 
collected is used for carbonating beer. 

The more important aerated water factories in 
India obtain carbon dioxide from sodium carbo- 
nate by treatment with sulphuric acid (With 
India, Pt. T, 38). Liquid or solid carbon dioxide 
is used for this purpose in other countries. 

The carbon dioxide required for the clarifica- 
tion of cane juice by the carbonatation process 
in the manufacture of sugar is obtained from 
lime kiln gases, which are directly employed 
without purification. 

Specification. — The following specifications 
have been prescribed by the Indian Stores De- 
partment for carbon dioxide gas (I.S.D. Sp. No. 
G/Chemicals— 25C, 1949): The carbonic acid gas 
.shall contain at least 99Vr by volume of carbon 
dioxide and not more than 0 5 of carbon mono- 
xide, and shall be supplied in sound, clean, and 
dry steel cylinders of 40 lb. capacity unless other- 
wise specified, which .shall comply with the re- 
quirements of B.S.S. No. 401 for steel cylinders 
for the storage and transport of liquefiable gases. 
In charging cylinders, the filling ratio, i.e., the 
ratio of the gas in lb. to the weight of the water 
capacity of the cylinder shall not exceed 0*66. 
For the purpose of identification the cylinder 
containing carbonic acid gas shall be covered 



with a coat of black paint with bands of white or 
aluminium paint as stipulated in the Indian 
Railway Conference Association Red Tarill No. 
14. They shall also conform to the requirements 
laid down from time to time by the Chief Inspec- 
tor of Explosives, India, for the packing and sto- 
rage of carbonic acid gas. 

Liquid carbon dioxide is filled in cylinders of 
50. 40, 25, or 20 lb. capacity. 

Propkrties and Uses 

Carbon dioxide gas (sp. gr., 1*383.3; d., 1*9767 g./ 
litre at 0‘' and 760 mm.) liquefies at 65’ at 36 
atm. and solidifies at 72*2 '. Its p,. is 73*0 atm. 
and t_ is 31*10 . The gas is appreciably soluble in 
water under pressure. 1 c.c. of water absorbs 
1*71 c.c. carbon dioxide at 1 atm. and 0"; 16*3 c.c. 
at 25 atm. and 20’; 25*7 c.c. at 50 atm. and 20 '; 
and 0 36 c.c. at 1 atm. and 60°. It is not toxic, 
but air containing more than 30' r- of the gas may 
prove fatal in .30 min. due to its suffocating 
action; air containing 4-6'^ carbon dioxide can 
be inhaled up to an liour without scuious ('fleets. 
The maximum safe limit is 2 3SL 

Liquid carbon dioxide is a colourle.s.s, mobile* 
liquid, sp. gr., 1*06 at - 34 ’, 0*947 at 0 \ and 0*726 
at 22*2°. It is almost insoluble in water (solubi- 
lity, 0*04' r ) but readily soluble in alcohol or ether. 

‘ The quantitative reduction of carbon dioxide 
to accdylene has been effected by passing the gas 
over barium metal at high temperature; 
BaC .. hnnicd is treated with water {The Times 
Rev.^^lndusir. 194,9, 3 (24), 21]. 

Uses. -Gaseous carbon dioxide is used in the 
manufacture of soda ash (oy the ammonia soda 
process), ammonium caibonate and bicarbonate. 
It is also used in the manufacture of crystal sugar 
from cane juice by the carbonatation process. 
Other important uses include: manufacture of 
aerated waters and beer, preparation of pure 
almina from bauxite, salicylic acid from phenol, 
3 hydroxy naphthoic acid, synthesis of urea, 
and manufacture of white lead. It is also used, 
after reduction to monoxide, in the manufacture 
of methane and methanol. 

Carbon dioxide gas has important therapeutic 
uses. Mixed with air or oxygen, it .stimulates 
respiration in asphyxia, particularly in n(*w horn 
infants wdth anc’sted re.spi ration. It is u.sed to 
hasten the excretion of poisonous or other gases, 
such as carbon monoxide, and to produce full 
expansion of lungs in the treatment of atelecta- 
sis. Inhalation has been recommended for the 
relief of paroxysm in whooping cough, and for 
hastening recovery from ether anaesthesia. The 
breathing of 7-l6'r carbon dioxide in oxygen is 
the most effective remedy for persistent hiccup 
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(U.S.D., 224). Carboxide, a mixture of ethylene 
oxide and carbon dioxide, is used as fumigant. 

The beverage industry in the United Slatt's of 
America consumes about 90' r of the total output 
of liquid carbon dioxide. The liquid is u.sed as 
fire extinguisher. It is also used in blasting and 
mining opi'rations, advantage being taken of (he 
pressure developed on its release from a cart- 
ridge. The u.se of liquid carbon dioxide for this 
purpose is recommended wherever there is a 
risk of fire when ordinary explosives are emp- 
loyed. The liquid has been used for driving 
torpedoes and for raising sunken ships (Thorpe, 
IT, 328). 

During World War TI. many special applica- 
tions were devel(^p(‘d for liquid carbon dioxide. 
When released from pressure, the gas produced 
occupies 450 times the stored volume; life vests 
and rubber life boats and rafts can be inflated 
within a few seconds if provided with small 
cylinders containing liquid carbon dioxide 
(Mathieson. Dry Ice, 1946). Liquid carbon 
dioxide as a refiigerant po.s.sesses maik(;d 
advantages over ammonia. The refrigeration 
units occupy le.ss space and involve less main- 
tenance and n?placement charges. The risk 
of leakage renders ammonia refrigeration un- 
suitable for hotels, cinemas, (*tc. Carbon dioxide 
refrigeration is empU^yed for the cold storage of 
furs and flowers. 

In the merchandizing of liquid carbon dioxide, 
considerable expen.se is involved in handling tlie 
cylinders— full and empty. It is necessary to 
inslal relatively small plants in consuming cen- 
tres to minimi/.(? handling costs (Shreve, 120). 
Bulk shipment of relatively low-pressure liquid 
carbon dioxide saves container cost and w^eight 
(Getz & Gurtz, Industr. E)iqnq Chern., 1941, 33, 
1124). 

Production and Consumption 

The production of carbon dioxide in India 
during 1947 wtis 63,453 cw4. (Information from 
D.G.T. & S.). Alnu/St the (mtiie production is u.sed 
in the aerated waU*r industry. This figure does 
not include the vast (quantities of carbon dioxide 
produced and consumed in the manufacture of 
h(*avy chemicals, such as soda ash, ammonium 
sulphate, w'hite lead, etc., and in the manufacture 
of sugar. In these case's, the gas is produced on 
and (consumed in the factory. The Fertilizers 
and Chemicals, TraiHincore, Ltd., Alwaye, are 
reported to be recovering about 100 short 
tons of gas per day, out of w'hich 25 short tons 
are required f(U’ Merseburg reaction in am- 
monium sulphate production. The Sindri Ferti- 
lizer Factory^ when in operation, is likely to 
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consume about 333 tons of carbon dioxide per 
day, leaving a surplus of 166 tons. The consump- 
tion of carbon dioxide per ton of soda ash, 
ammonium sulphate, white lead, and sugar are 
0 074, 0 123, 0*114, and 0*252 ton respectively. 
The total tonnage consumed is estimated to be: 
aerated waters, 3,200 tons; soda ash, 2,100 tons; 
ammonium sulphate, 8,000 tons; white lead, 200 
tons, and sugar refineries, 37,100 tons. The per- 
centage of carbon dioxide (as liquid and gas) 
utilized in the various industries in 1948, was 
roughly as follows: aerated waters, 6; sugar, 
74; ammonium sulphate, soda ash, and white 
lead, 20. 

Solid Carbon Dioxide (Dry Ice) 

When liquid carbon dioxide is allowed to eva- 
porate spontaneously, part of it solidifies due to 
cooling caused by the evaporation of liquid. 
Based on this principle, three processes have 
been developed for the commercial production of 
dry ice, viz., Frick process, Carba process, and 
Maiuri process. 

Dry Ice is not manufactured at present in India 
although plants for its production by the Carba 
process have been installed by Hindustayi 
Gas Co. Ltd., Calcutta, Spencer & Co,, Kanpur 
& Madras, and Sirdar Carbonic Gas Co, Ltd., 
Bombay. 

In the Carba process, liquid carbon dioxide at 
a pressure of 60—70 atm./sq. in. is intro- 
duced at the top of double-walled converters 
through special nozzles, when part of it expands. 
The sudden release of pressure to 2 3 atm. 
causes the liquid to be super-cooled and part of 
it is converted into solid which falls as snow to 
the bottom of the inner tube. A mixture of solid 
and liquid carbon dioxide collects at the bottom. 
More liquid carbon dioxide is admitted, and the 
process is repeated until the entire chamber is 
filled with the solid product. The escaping gas 
is drawn through the outer chamber, compressed, 
and returned to the system. 

In the Frick process, liquid carbon dioxide at 
about 1,100 Ib./sq. in. and at 21° is expanded into 
cast steel press chambers closed at the top by a 
movable cover and provided by a hydraulically 
operated piston at the bottom. Part of the liquid 
evaporates drawing its heat requirements from 
the incoming liquid which is thereby cooled and 
solidified to a fluffy snow. The gas formed is 
continuously drawn off and. after utilizing it to 
cool the incoming liquid, is compressed. When 
sufficient carbon dioxide has been expanded, the 
supply of liquid is stopped and the piston raised 
upwards to compress the mass into a solid block, 
and ejected by removing the top lid. 
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In the Maiuri process, which is claimed to be 
the most efficient, carbon dioxide gas is directly 
converted into dry ice. The gas is compressed to 
85 Ib./sq. in., the heat of compression being re- 
moved by circulating water through cooling coils 
surrounding the gas chamber. The compressed 
gas is further cooled by ammonia (obtained from 
ammonia evaporators) and finally passed into 
moulds cooled by liquid ammonia at a pressure 
of 3 Ib./sq. in. and at —60°. Under these condi- 
tions, carbon dioxide freezes to a solid, passing 
momentarily through the liquid phase. Dry ice 
so obtained is dense. The ammonia vapours are 
absorbed by weak ammonia liquor, from which 
liquid ammonia is sub.scqucntly produced. 

Generally, dry ice is produced in blocks weigh- 
ing 90 lb. (8 in. diam.x40 in. long) and stored in 
insulated wooden boxes. 

Properties . — Solid carbon dioxide (sp. gr., 1*53 
at —79", and 1-59 at 100°) melts at — 56-6 ’ at 5-2 
atm.; latent heat of fusion, 82*0 B. t. u.; wt. of 
gas, 0*117 lb. per c. ft.; wt. of solid, 90 lb. per c. 
ft.; latent heat of sublimation, 248 B.t.u.; refri- 
gerating effect, 275 B. t. u. (Shreve, 119). 

Uses , — Dry ice is the refrigerant of choice for 
mobile units. Weight for weight, dry ice is 3—6 
times as effective as ice. The ice cream industry 
in the U.S.A. consumes about 90S of the 
solid carbon dioxide. Dry ice refrigeration is 
extremely simple to operate. The equipment 
has no moving parts, and initial and operation 
costs are lower than those of other refrigeration 
methods. The solid is easy to handle on account 
of its high latent heat, density, and insulating 
properties of the blanket of gas surrounding it. 
Food stuffs do not decay so fast in an atmosphere 
of carbon dioxide as they do in air (Mathieson, 
loc. cit.). 

Dry ice is used in industry for shrink fits of 
large metal parts, for positioning heavy machi- 
nery during installation, and for refrigerating 
heat-treated aluminium alloy rivets in aero- 
plane construction. Crepe rubber, which is 
difficult to handle in its normal state, can be cut 
to proper size after freezing with dry ice. Thus, 
it is used in the manufacture of golf balls. 
Emergency uses of dry ice take advantage of its 
value both as a low temperature refrigerant and 
as a source of pressure. Broken water mains are 
sometimes frozen with dry ice on each side of 
the break to stop the flow of water long enough 
to enable repairs. Driven wells have been 
cleaned by using dry ice as a source of pressure 
to force back sand and silt clogging rock open- 
ings. 

Solid carbon dioxide is replacing the liquid 



product for carbonating aerated waters. When 
used for carbonating, the blocks of dry ice are 
placed in a container and heated with steam 
when the gas is evolved under pressure (Reich, 
Chem. metall Engng, 1931, 38, 136, 271). This 
procedure reduces transport charges as it does 
away with the heavy containers required for the 
liquid (Mathieson, loc. cit.). 

The use of solid carbon dioxide as a refrigerant 
is not widespread in this country. There is a 
great scope for its adoption especially for the 
preservation of foodstuffs (Rep., Panel on Heavy 
Chemicals and Electrochemical Industries, 1946, 
34). 

CARPENTRY AND CABINET-WORK 

The woodworking industry comprises car- 
pentry, joinery, cabinet-making, turnery, and 
cooperage. Carpentry is the craft of working 
timber to materials especially of rough solid kinds 
required in constructional work, as in ship or 
house building. Joinery is the term applied to the 
making of furniture, interior fittings and other 
wood work generally lighter than carpentry pro- 
ducts, consideration being given to the pleasing 
appearance of the joints, end grains, finish, and 
other factors. The chief features of joinery are 
clean and flat surface.s, straight and sharp arrises, 
close fittings, accurate dimensions, and proper 
selection of materials. Cabinet-making covers the 
liner work of the joiner, such as the making of 
writing desks, book cases, dining tables, side 
board.^, almirahs, screens and others. Wood carv- 
ing is that part of the work of the skilled 
artisan which imparts an ornamental finish lo the 
article. Turnery is the art of making ornamental 
mouldings on round pieces of timber with the 
help of a lathe. The manufacture of packing 
cases, crates, and cooperage also forms part of the 
woodworking industry. 

Woodwork establishments include cottage units, 
and medium and large sized factories. The small 
units are scattered all over the rural areas, and 
hereditary carpenters ply their trade in their 
improvised workshops, turning out agricultural 
implements, carts, household furniture, toys, 
building materials, and boats, from locally avail- 
able timbers to meet the local needs. The tools 
employed are mostly indigenous. 

The medium sized units located in towns and 
cities, may be divided into three categories- (1) 
established workshops with hand operated or 
power driven machinery; (2) units without work- 
shops, and dealing in supplies secured through 
mistries. These units hire polishers only for 
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giving attractive finishes to furniture and 
cabinet ware supplied to them; and (3) establish- 
ments of individual mistries, in which a large 
variety of articles, from furniture tc: toys, are 
turned out. 

The factory scale woodworking establishments 
are the saw mills and Railway and Tramway 
Workshops. 

Carpentry 

Teak, sal, and deodar are the woods largely used 
in carpentry. Teak and sal are strong timbers; 
deodar is fairly strong; all of them are durable. 
Other structural Indian timbers used m carpen- 
try are listed in Table 1. Strength is the 
main consideration in the selection of umber for 
structural v/ork. For bridge work, the timber 
should be strong and durable, and the surface 
should be able to stand up Lo conlinual wear and 
tear. 

Joinery and Cabinet-work 

For architectural joineiy and interior fitments 
of buildings, such as doors and windows, trusses, 
and roof-work, coniferous woods are used. True 
soft woods aie not available throughout the 
country, their occurrence being restricted to the 
Himalayan ranges. The Indian timbers used in 
joinery and cabinet-making are listed in Table 1. 

For high class furniture, cabinotware, and deco- 
rative panel work, the chief characteristics requir- 
ed in the w^ood are non-liability to crack, warp 
and split, retention of shape, ease of working, and 
colour, figure, and grain. A restricted group of 
timbers including teak is used for the work. Prior 
to World War II, a considerable amount of 
Honduras mahogany was being imported. 

A strong, elastic and tough wood is needed for 
making chairs. Lightness is desirable. In 
Europe, bent v\H)()d chairs are made of beech 
(Fagus spp.), which is steam-bent and dried. 
Sicam-bending is not the practice in India, and 
chair parts are usually cut from solid timber. 
The commonly used chair wood in north India is 
sissoo {Dalhergia sissoo). In other parts of Indm, 
teak is largely used. 

For camp furniture, a light and strong wood is 
needed. Imported camp furnituie is usually 
made of ash (Fraxinus spp.) or birch (Betula 
spp.). There are few Indian woods with the shock- 
resisting quality comparable to that of ash. Mul- 
berry (Morus alba) is probably the best Indian 
substitute. Bonsum (Phoebe spp.) is light, 
reasonably strong, and exceptionally free from 
.splitting, cracking, and warping. Sissoo is used 
for camp beds. White cedar (Dysoxylum mala- 
baricum) is popular in south India. 
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The main centres ol carpentry and Cabinet 
making industry are Bareilly, Calcutta, and 
Bombay. Bareilly is the largest cenlre in India 
for ordinary furniture. Calcutta and Bombay 
are important for all classes of furniture. Other 
centres of impoitance -iie Kartarpur (Jullundur), 
Lucknow, Kanpur, Dehra Dun, Madras, and 
Bangalore. There are small shops in almost every 
town and city for making the more common types 
el furniture. The number of high class furniture 


manufacturers is limitca, as the preducls are 
expensive and their use is restricted to the 
wealthy classes. The workshops are not fully 
mechanized, only the conversion and rough work 
being performed on macJiines. The industry is, 
therefore, mainly reliant on manual labour and 
such tools as planers, chisels, saws, spoke-shaves, 
etc., and the Indian carpenter’s tools are in many 
cases different from those of the carpenter in 
Europe. 


TAULK 1- -INTuAX TTMUKKS IJSKI) FOR CAKFEXTHY AND CAUTXET. WORK 


Xamo 


(Jliaract*‘riKLics 


Uses 


Aviiiliiblo in 


Ahii's fdntlroir 

(Kiinaliiyari silvrr fir) 


Acacia arabica 
(Riibul) 


Adina rordiJoUn 

(Haidu) 


Athizzia IMek 
(Kokko) 


A. odoralissiwa 
(Bliwk siris) 


A. prorera 
(WhiU* siris) 


A nisoptrra tflabra 


A no(p'iNs}(s avuminaln 

(Yom) 


Crojiiny ; modiiim-toxtiirorl; 

f’jisy to Si>w and \v<irk. 


Hoavy, fairly closi'-texturod, fxtro- 
iii<‘ly strong. har<l, and tough 
rodflish brown ; easy to 
work wh<Mi groeti ; fakes a 
good finish an<l polisii. 

Light to moderately heavy, pah? 
yellow, fairly hard and strong; 
easy to saw” and inaehine 
and one of tho b ‘st Endian 
w’oods to work by hand and to 
turn; t>ikes polish n'lnarkably 
W'OII. 

Light, moderately hard, eoarw- 
texiured, <lark brown, strong, 
elastie, and hard ; dlilieiilt 
to saw ami w”ork ; seleef<<'d ones 
may bo handsoino. 


tleavy, somewhat fiiie-textun'd, 
brown timt>er; not (*asy to saw' 
and w'ork but takes a good 
finish and polisli. 


Simitar to A. Irhbrk, but lighter 
jind softer. 

Moderab-ly hard and heavy, everi- 
and eoarso-texf ured, ycliow’ish 
or reddish brown ; easy to w’ork 
and polish. 

Heavy, finO'b'xtured, greyisli ; 
very liard. st rong , tough and 
I’last.ie : hard tiisaw and work. 


Pa<*king oasra, cotitainers and 
fruit crat's; slack cooperage; 
cheap fiirnituro ; structural 
purposes. 

House poHts, flooring, bridge w'ork, 
turning. 


Eveollent for turning, furniture, 
panelling and houso fitimuits ; 
most suitable for bathroom, 
arnl kitidien fitments. 


Stnndural work, bridgi» work, 
high class furniture, iuti‘rior 
decoration, arid p.melling. 


Vahuible coustruetional and 
cabinet wood; slack eoojjerage. 


(/onstnie.tional purposes, birni- 
tnre, camp beds. 

Crates, boxes and containers of 
all kinds; eheri)> furnitiiK'. 


Camp furniture. 


Ihinjab, Kiishmir, IMiri- 
(Ttirliwal and oMi'*r areas 
in North I ndia. 


'riiroiigluiut the ilrier re- 
gions of north, central, 
and South India.. 


U. P. (Honda and Jhihraieh), 
Nepal. Smaller (|imn- 
tifies from other divisions 
of IJ. I’., Ii'ngti.l, Assam, 
Bihar, Ori.ssa, (h F.. \i uu- 
bay, Madras. 


Andamans; also in limiU'd 
(plant it ies frmn Ikmgal, 
Assam, Bombay, Ma-dras, 
C.F., Fnnjal), aud U.F. 


C.F., .Assam, Bombay, 
TJ. F., Drissji, Madras. 


U.l*., .Assjtin, B Tigal, IJ..>in- 
bay. 

Ebirma an<l Biuigal. 


Burma. 


A. fntifolia 
(Axle-wooil) 


Docidiioiis forests in C. P., 
U. F., Bombay, Madras, 
Bihar, and Ori.s.sa. 


.-'l nlh icephojufi rndamt a 
(Kal.O)'.) 


Light, ev.-ri-text ured, white or UschI exteri.‘*ively in Assam lEeugal. 
en iin;y «'i.»l<iiir('d; in>.l*iMt’ly and B ’ligal for ceiling boards 

strong; ensy to saw and work. and light nonstruction work; 

cheap boarding and packing 
case w'ood. 
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Niimo 

A r/(n'arjni.s rhaftJri.shti 
(Clmplush) 


.4. hhfivta 
(Aini) 


A. hitf.gr i folia 
(Jjwk) 


Ih'lulft alno'ififs . 
(Indian bircli) 


1$ ififh uji a Jfi m / <•» t 
(hisliop \V(Mid) 


Jiomha r innhthfirifiun 
(S('IMUI) 


n<tsfrfl/ifi sfrrtitd 

(S»dai) 


Hr Iff ft la n/tisa 
( Kiishi) 


Culophijllutn •‘«pp. 
(INjoii) 


(Janari u m .slrictuin 
(l)hup) 


Cara jta in ol uccniMs 

(riiHsur) 


Castaw) jffi iff h yst r ix 
(Indian chostnut) 


Cfilrfljt toona 
(Toon) 


Cedrufi dcodara 
(Deodar) 


(Mninifl.orlst ics 


miidtratrly luird, ruars*'- 
tcxluivd. Iirowii, oriiainontiil ; 
inodcndfly lui.rd andsinmf;; 
saws easily and works well. 


(•oiirso-t<‘xtiir(‘tl, ^oldi'n 
yrllow; strong' ainl durable ; 
(‘usy Id saw, turn, finish and 
jHilish* 

Str. nj' ; oasy to work. 


Kvon-trvt iirfd; while or oasy 

tn saw, work, turn juid (inisli. 


( '(»arse and even-te\l nred, ni.ldislj; 
not diilieiilt to saw and work. 


Soft and liglit, rreairiy whito 
or pale pink, p*‘rishabi<‘; easy 
f o saw and work but cannot be 
polislied. 


(\)arsed.<‘xl ured ; low sf rentiMi and 
not diirablo; easy to work ; can be 
polished alter filling. 


Fairly evoji-textured and inoder- 
ately heavy and liard; saws and 
tnaehines easilj*^ and ean 1 m 5 
w'orked (o a smooth finish. 


Medium • b‘Xt ured , ro<ldish bn>wti ; 
hard and strong ; obta 
inable in great length; saws with 
out dilTieuIty and works to a 
fine surfaee. 

Creamy wliite witli a pinkish- 
grey or yellowish tint; moder- 
ately strong; (M»sy to saw', 
work, and bring to a good 
finish. 

Heavy, fine-textured, ornamen- 
tal, brownish red ; easy to saw 
and ean be liiiished te high 
smoothness 

Creamy or oreamy browm, uneven - 
textured ; moderately strong ; 
easy to saw and w'ork to a 
good finish. 

Uneven-textured, light, reddish ; 
easy to saw anil work. 


Light ycdlowMsh brown, medium 
to tlne-textured ; stoady and 
durable ; easy to saw aiul work 
to a smooth tiiiisli. 


Us< s 


Axailabli* in 


fsi'ful for eoiisl niel ional Assam and Ik ngal; ah o 
w'ork, furnit lire, pai*king bo\i s, Ainlamans. 
and decorative panelling. 


Const met itinal w«»rk, furniture South India and Honibay. 
and turning: t iglil eonperage. 


general ear|-H*nlry. ])lain furni- 4’hroughout India ; parti- 
ture anil eoiistrie t ional work. cularly from .Mai Iras and 

Horn bay. 

Interior furniture and cabinet Hengal. 

W'ork, turning. i‘te: Lirainophone 
and wireh'ss eabiuelH; camp 
furuitiin*. 


Ciuislruet ionnl purjioses; s<»leeli'd 
planks uiake bandsome pain Is 
for furniture. 

Packing eases and oil casks; 
cooperage; coiling boards; ti*a 
boxes. 


Cheap box work, ]>aeking ea e^-. 
slack cooperage, mfenoi- plank- 
ing, cheap furnil ure. 

House posts, rafter-, lloor boards, 
ete. 


Struelural purpost*s; furniture. 


Packing bo\i-s; in'eriors and back 
i Jigs of fiM'nituri'. 


Furniture, gramophone and wiro- 
li'ss eabiiiets. 


First elas‘i const ruetioiial and 
interior building timbi^r ; fur- 
niture. 


Most eoinmonly used for eiioap 
furniture and carvisl work ; 
building piiqioses, tea and 
cigar boxes. 

Suitable for struetural work of all 
kinds, bridge work, window 
frames, light furniture, shingles. 


Bengal and As.^am. 


'riiroughimt India except 
Piinjal). 


C. 1*., Madras, Homliay, 
Hiliar, Orissa, and IJ. P. 
(dhaiisi Div.). 


Homhay, Bengal, Bihar, 
Orissa. 


Soulh India (West coast)* 


Andaman Islands; Bengal 
uiid Assam; Coorg. 


Bengal. 


Bengal ; limiUnl quantities 
from Assam. 


IMains and sub-litmal van 
tracts, espoeially in 
.Assam, Bengal and IJ. P. 


Ihinjab and northern India. 
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Name 

CiiaractoriKtics 

Uses 

Available in 

(Jhloroxylon swietenia 
(KaHt Indian Satin wood) 

Heavy, flne-toxturod, yoUow; stnmg 
and liard ; dillicult to saw*. 

Bridge building, furniture. 

Bombay, G. B., Motlras. 

Chukraniu tabularis 
(Chirkrassi) 

Iiustrous, fmo-toxtunYl, brown ; 
often highly figured ; easy to 
saw, w'ork, turn, carve, anti 
finish. 

Fiirnitiircs house and building 
cabinet making. 

Bengal and Assam. 

Cinnamutnum spp, 
(Cinnamon.) 

Eveii-texturiHl gn^yish ; durable; 
easy to saw and work to 
a smooth finish ; takt's polish 
well and can bo used for turning 
and carving. 

Furniture, building and floor- 

i»^g ; 

Bengal and Assam. 

Cvprensuft forulofid 
(Cy press) 

Straight-grairuHl and even-tex- 
tured ; extn*mely durable ; 
easy to saw* and w*ork and takivs 
a Smooth finish. 

Bridge building ; hauso construc- 
tion and camp furniture. 

ILP. (Kurnaon, Cbakrata, 
and rehri Garliwal), 

DaWergui lati folia 
(Indian rosewood). 

Handsome, golden brown to 
deep purple with rich grain 
figuring ; very hard urul dur- 
blo ; ditricult to saw ; takes 
a high polish. 

Finest cabinet and furniture ; 
constructional wooii. 

Bombay ; also Ma'iras 

(Joorg, (M*., G. B., and 
Orissa. 

D. sisaoo (Sissoo) 

Handsome, golden brown to dark 
brown with rich grain (iguring ; 
easy to saw ami w'ork ; takes 
a smooth finish 


Chiefly G. P. an.l Punjab; 
also Ben mb Assam, ami 
Orissa. 

Dillttnia spp. 

(Dillonia) 

Rough const rued, ion al wood of 
good strength ; coarse-texttirod, 
modorately strong but not very 
tlurable. 

All-purpos) constructional tim- 
ber. 

Bengal and Assam ; smaller 
lots from Boinliay.. 

DiospyroM melamxylon 
(Ebony) 

Extremely hanl ami tough ; not 
difficult to saw and work in 
grcH'n state ; can ho finished to 
a smooth polished surface. 

T irnory, carving ; doeor.itivo 
flooring ; posts, rafters anrl 
j Miles. 

Fair cpMiitities from 0. P. 
Madras, Btimbay, Orissa, 
G. P. 

Diptrrocarpus Sjip. 

(Gurjun, iliinil, llollong) 

Medium-textured, strong ; com- 
paratively easy to saw and 
work hut cannot ho finished to 
a very smooth surface. 

House building and general cons- 
truction ; bridge work and ply- 
wooil for tea chests. 

Bengal, Assam, Mat Iras 
and Coorg ; Aiidarnaiis. 

Duahanga ftonnemfioitlps 
(Lampati) 

Light , coarse^-textiircd ; not very 
strong ; easy to saw and work. 

Backing cas4\s and tea chests ; fur- 
niture ; structural purpo.sos. 

ylssam and Bengal. 

Dynoxyliim malaharku m 
(White coflar) 

Fine-textured ; saws and works 
with ease to a fine finish. 

Tea chests ; barrels, house 

construction, furniture and 

camp furniture. 

West coast, Madras, 

Coorg and Mysore. 

Klaeocarpus robustu^* 

Fine -textured ; moderately hard 
and strong ; di flic ill t to saw 
hut takes a fine finish. 

Boxes 

Bengal and Assam . 

K. lanceaefoliuft 

Light to moderately heavy, fino- 
textimvl ; moderately hanl 

Boarding and ton bo x shooks. 

Bengal (Kursoong and 

Kuliinpong). 


and strung ; sawn and works 
oosily, finishing to a lustrous, 
shining surface) ; turns easily. 
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Namo 

(yhnrnotoristics 

Usi's 

Available in 

Etaecarpua tuberculaiua 

Light, fino-loxturcd ; inodtjrat4>ly 
hard ; saws easily and works 
to a fine finish. 

Chiefly packing cases and cheap 
planking. 

Katiura , CC.\)org, Mysore 
Travuiicore. 

Gardenia spp. 

(Gardenia) 

Fiiio-toxturcd ; moderatoly heavy 
and hard ; well siiitVil for 
turnery ; hard to saw and plane. 

'Piirm'ry and carving. 

C, P., Bombay, U. P., and 
Bibar. 

Gmel i n a a rhorca 
(Ganifiri) 

Fairly idoao-texturtHl, light yello- 
wish brown witli stnoolh fool ; 
.sturdy ; ea-sy to saw and work 
to a good finish. 

A favourite with local craftsmen 
furniture, panelling, boxes, 
camp furniture, oil casks. 

13(aigal and .Assam ; 

llmitoil supplies from 

G. P., Bombay, Orissa, 
and H.P. 

Hardwickia binata 
(Anjan) 

Coarso-texturod ; hard, heavy, 
and .strong ; diffiiMilt to saw 
and work. 

Posts ami br'ains. 

Madras, Bombay, Afysore 
and G. P. 

II. pinnnUi 
(Finey) 

.Medium eoarsi^-textiiroil, rorldish 
brown ; solecUsl .stocks 

ornaiiicntal and )iand.soine ; 
strong ami hard ; easy to saw 
and w'ork ; finishes to a fine 
lustrous Ntirfaeo and takes 

high polish. 

Building purpos 's and furniture ; 
selected .stocks used for cabin- 
et work. 

Goorg, "fravancore, and 
Glint forests of Mad* 
ras. 

licrilicm James 
(Sniulri) 

Fine-textured ; strong, elastic, 
and hard ; extremely durable ; 
not very diflieult to saw or 
worU : takes a high finish and 
poli.sh. 

Hc'avy const rmrlional work, 

bouse posts, eb*. 

Bengal. 

tioLoptelca integrifolia 
(Konju) 

Even and niodium-tcxturtxl, light- 
coloured wood ; eiusy to saw ami 
maehine ; takes a good polish. 

Cheap grade.'j of furnit un.>, panell- 
ing and door frames, Vk>x shoo- 
ks, carving, etc. 

U. P. ; limit/ed quantiticR 
from Bihar, Orissa, G. P., 
Ghat forests of North 
Malabar. 

llopca parvijlvra 
(FTopoti) 

Heavy, fine-text ured, nxldish 
bnoMi ; hard and durable : 
soniewdiat diflieult to saw but 
takes a good finish and polish. 

f 'oust rue tio mil pijrpo.ses ; bridge 
work ; also for furniture. 

West Coast. 

H, odorata 

(Thingnn) 

Heavy, inwli urn -textured, yellow ; 
hard and durable ; somevrhat 
diflieult to saw, but takes a 
good linish. 


Bengal, Bombay, and 

.Amlarnan.s. 

Hijmenodictpon excehum 
(Kilt linn) 

Mediuin-texturoil, light ; easy hi 
saw and work, turns well, 
and ran be brought to a lino 
finish. 

Drums, slack nial tight cooper- 
age, box making. 

.Assam, Bengal. Bihar, 

Ori.ssa, and IJ. P. 

Jmjlans regia 
(Walnut) 

Even -text ured g.'Xjyish brown ; 
often mottled and figimul ; 
relatively light for its strengtli 
and finishes to a line surface ; 
dried w'ood does not shrink, 
swell, or split oven uiidc'r ad- 
verse climatic conditions. 

High (dass cabinet making ; used 
in Ka.shmir and north Imlia 
for carving. 

Ka^sbrnip; .smaller quan- 
tities from, Punjab aivl 
IJ. P. 

Lagerstroemia Jfos-reginae 
(Jurul) 

Mevlium- textured, n?ddish browm ; 
easy to saw, work and 
turn; can bo finished t<i a fine 
.siTiOoth surface and takes a 
good polish. 

Fine constructional wood; 

furniture, ami t ight cooperage. 

Bengal and .As.saru; limited 
(|iinntitios from 

Bombay and Madras. 
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^"ame 


Lagcrtrocmia lanceolata 
(Ben teak) 


L, pnruiffora 
(Londi) 


Latium grandis 
(Jliingan) 


Mti^'gifrra Indira 


Mrlia azedarach 
(l*(’i’.sjaM Lilac) 


M. com posit a 

(MalaViiir nini w< 


Mrsua frrrva 
(Mrsuji) 


MirhrJia spp. 

(rhaniiO 


M itrngunn parrifolia 
(Kaim) 


Mon4M alhn 
(Mill hi 'Fry) 


Character iBtica Ubob Available in 


Conrso-textnred, reddiBh brown ; Largely used for hoiiso building, Madras, Bombay, and Coorg, 
Biiitablo for coUBtruotional furniture, an I genoral oarpon- 

piiri)osea ; not diilicult to saw try, tight cooperage, 

and w'ork, liniHhoB to a fino 
.smooth Rurfaro and takes a 
good polish. 


(^oarsn-textured ; moderately hoa- Used for builtling and construe- B.'ugal, Asri ini, U. P., C.P., 
vy, strong, and hard ; diirablo tional work, bridgo.s, tight Bihar, Ori.s.sa, Bombay 
oxen under adverse oondi- eoofx*rago ; boxe.s. ami Coorg. 

l.ioiis ; fairly easy to saw and 
work and can be finished to a 
fine surfaco. 


ICvon-toxfurod, brownish rcvl; easy Hou.so-biiilding, furniture, carv- IJ. P., C. P.* Bengal, Bihar, 
to saw' and work and can ing, turnery, slack cooperage. (3ri.ssa, and Madras, 
be turned or xx’orkod by hand 
to a beautiful finish; takes a 
high polish. 


Coarse-textiired, grt^visli br<»wii ; Cheap furniture, planking, floor 'I'hroiighout the greater 
fairly sfrong, and .steady ; and (leiling hoards, tea chests, part of India, 
retains shape xvell; can he easily crates, dry cooperage*. 

.saxvn, worki'd and Jinished 
1 o a clean surface. 


(‘oarse and uneven-toxtiireil ; Small boxe Punjab (Changa Matiga). 

easy to saw; take.s a higli 
polish. 


More even-textured than Packing cases, cigar box(»s, and 
AI. azedarach; easy to .saw and ci'iliiig planks, 
work; not durable in ex.|.>osed 
situations. 


Assam, an<l Koiiknn, N. 
(M rears and from South 
Kaiiara to 'riiine\-elly. 


Medium-texturefI ; heav'y, hard. Heavy construct ioiial work, Assam; also Madras’ 
strong, ami diirahk' ;* diflieult briilge work. Coorg and (Vluii. 

to s:ixv. 


Mediiim-lextured olive-brown ; 
lustrous and smooth; light, 
cHsy to saw, ina<*hin<’ and 
linisli; works to a beautiful 
smooth surface and tiikcs a 
good polish. 


Kxcollerit for liglib furniture and Assam ami Bengal, 

household fitments; boards 
and general joinery work; 
cabinet- making, box shooks, 

and bent-wood w^wks. 


Ki!ie-t“xtured xvitfi smooth fei*l; 
strong ami liard; easy to saw; 
works to a smooth finish and 
takes a fino polish. 


Turnery, .slack and tight coope- 
ragi'. 


U. P. and BilDir; small 
qiiaiititioH from Bombay, 
Madra», and Orisua. 


.Medium coarsc-textured. yellow* Kxiiellent for furniture, es|)ecial- Punjab ((^hnnga Manga), 
ish brown or golden brown ; ly for camp beds and clmir.''-. 

higher shock ro'iisfam'e, .shear 
and hardness than teak; easy 
to saw ami work; can be 
earx'cd or turned to a .smooth 
siirfms’; excellent for s(ea/m 
bending. 
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Nhi 


Uses 

.Availablo in 

in dalbvrfjiuiil.fn 
(Stinduri) 

r(».irso-U!Xfuro(J, liKhl j'oldori 

brown or roddisli brtiwn ; 
hard and fairly diirald ; difficult 
to saw and wtjrk Imt can bo 
brought to a fine llii'.'ih; planes 
aiul turns well. 

flood for coiistrnetiomd worU and 
for light and loose c»)operjige; 
also for furnitun*. 

plains fon sts of Imlia; lie.st 
logs from the west enast 
of Bombay; also from U.P. 
Bihar, Oris.-a, and 1-. J*. 


Light re<I to r<Midtsh brown, 
straigh: -grainod, inodiuin and 
ev'Ofi-textiirotl; nioilerately heavy; 
not dinieult to saw', works 

well and takes a good polish- 

Building ])urposes, elu'ap furnitun', 
shingles. 

Boinhiiy southwards tt 
Triivaiie(»re and Coorg. 

Pliorbn huinesianu 
(Hoiisiun) 

Light, (*jisy t o saw and work and 
fakc's a line smooth surface. 

Light furniture, cabinet making, 
grutm^pbotto <‘al)inetM, eamj) 

fui’nitun'- 

Bengal and Assam. 

l^irca morinda 
(S|inuT‘) 

l'L’en-t(‘\f ure<l; good <{uality light 
weight wood of t he ‘ de‘d * class; 
easy f.o saw and work and 
(Mil be brought to n good finish. 

Planking for eeilings and Hours, 
geiwra.! jt>ine!y, cheap furniture, 
boxes and crates; slack cooperage. 

XortluTii India, Kashmir. 

riniia spji. /*. (onyifob'ft (Cliii*) 
/*. rrcristi (l?luo |>irii') 

Fine-text ured, good cpiality tne- 
dium weight woods f»f tla‘ ‘<leal’ 
class; Blue pine is slightly 
superior t<i ehir; both naisoriably 
strong; easy to saw’ an<l work. 
JMoro Kiiitahle for paint and 
eiiatnel finishes than for polish 
work. 

Joinery and eonstriietional work, 
hoiisn fltnK'nts, shingli's, 

packing eases, light fiimitnn'. 

Himalayan forivsls In 
Pnnjah and U.J^. 

l*oi)u1u8 cnphrntica 
(IniJiaii poplar) 

Light, evi*n- textured, re<ldisli 

brown ; saws easily and works 
with oa,s(}; good turnery wockI, 

Plunking; turnery and lac^uor 
work. 

Punjab. 

Pfcwcarpftfi dulbcrtf i aid r.s 
(AndaiiiMri I'lulaiik) 

iSlnmg and h.andsome, rtMl-coloii- 
re<l ; ratlua <*oarse-textur(Ml; 
steady and not diilieult to saw 
and n\aehino and eun bo workeil 
lu a tine surface. 

First eliuss cabinet wot>d and a 
strong eoiistruel iorial fim- 

Ikt, suitable fm- beavy 

I’urjientry, bridge work and 
furniture; used lor pangiel floor 
arid one of the irost di-eorat iv«i 
woods; camp furniture; and 
licpior casks. 

Andainan rslaniN. 

P. tn'icforarpufi 

(htiriua Padauk) 

.Moderately heavy, interlocked- 
gniiricd, inediurn co4irsc»-toxt ur<*d; 
oxtnMiiely strong, hard and clura- 
Ide; ditrieult to saw; lak»*s a good 
polish. 

IIouHC'building, camp furnitun*. 

Burma. 

P. marsupiujn 
(Bijusal) 

]VIediiiiii-toxtured, golden brown, 
moderately heavy strong and 
hard; fairly easy to saw and 
work; takes a good finish a nil 
polish. 

Building purposOH; camp furniture; 
selecteii ornamental stock usi'd 
for cabinet work. 

(kP., Bombay, Conrg, 

Orissa, and U. l\ 

tSchhufi v'alliiJiii 
p ’hiliiuni) 

Mwliiim-textiired, sjiws easily 

and works to a sinoot h surfnee. 

Uonatrr.cl ional purposes. 

Assam and Bengal. 
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Natno 

Characteristics 

Uses 


Available in 

Srhieichcra trijuga 
(Kusum) 

Modium-toxtured; one of the 
lieavvt hard, strong and tough 
w’OOfis; difficult to saw and work; 
finislio^ to u fine aiiiTaee and turns 
W'ell. 

Constructional purposes. 


Bombay, Orissa, U.P; also 
C. P., Biliur, and Maclnis. 

Shorm robusta 
(Sal) 

Med iiim-tex tim'd ; hard, heavy, 
strong, tough and durable ; easy 
to saw when green. 

(^constructional and other 
St'S ; roo|)erHge. 

purpo- 

U. P., P., Bengal, Assam, 

Biliar, and Orissa. 

Spondins mangifera 
(Hog plum) 

Light, coarse- 1 ex turt'd, easy to saw 
and work. 

Packing cases 


Khandesh and Paiich 

Mahals. 

Sh'rcuHu cnmijanulata 
(Fapita) 

Coarso-toxtiired, ereainy-whit€\ 

light; easy to saw or work, 
machines well and can l3e 
brougfit to a gooil surfneo. 

Box shooks 


Andaman Islands. 

Swinfonia flor'dmnda 
(Civit) 

Medium-textim'd, light -coloured ; 
reasonably strong; easy to saw 
and work and macf lines to a 
goofl finish. 

(handle boxes 


Chittagong. 

Syzgginm tum / ai 
(.Taman) 

Me<liuin, <‘oarst'-tovturc<l. reddish 
brown to brownish grey ; strong 
and moderately iicavy ; not 
dilfieult to saw and work. 

(Jonstructional work and 
building ; si'IiM'tcd for 
furniture and cabinet 
cooperage. 

iiouso 
st o(*k 
work ; 

Throughout India. 

Tcctona grandis 
(Teak) 

Medium weight, strong wood of 
averago hardni'as and of out- 
standing merit in ivtention of 
shape and durability; relatively 
<‘asy to saw and work, can bo 
tinisliod to a fair surface and 
takes polish well. 

Most important wood for furnituri'; 
cooperage; carpentry. 

tliirma, Madras, Bombay, 
C.P., Orissa, Bengal* 

Coopg ami Central India. 

Te.nnhialut arjuna 
(Arjuii) 

Coarsi.'-ti'xtured, moderahdy heavy 
and fairly decorative; ilark- 
hrowii; not durable; not c'asy to 
saw’ and work and turns well ami 
t akes a good and lasting polish. 

House building; solocted 
for ” 0 billet making. 

stoi’k 

Bihar, Orissa, anti U. I*. ; 
also west cNunt. 

T, helerim 
(Bahern) 

Coarsti- text lin'd ; strong; porisli- 
ahlo ; easy to siiw and inaehino, 
hut tlifilcult to bring to a smooth 
surfaeo. 

lloiiso building ; boxes and pack- 
ing casi's. 

Forests of (^mlral, South 
and l^^ast India. 


T, biainftt 

Silvor^roy). 


T, chehula 

(Myrabolan) 


llundsomo, li^ht-coloimnl, decora- All ty|M*H of cabinet work ; Andaman rslands. 

t'lVG, course-text iirovl ; Rtronv^ espeeiully suitiMl for internal 

and mi-Mliiiin w^oiplit ; easy l-o decoration, 
convert ami work ; can bo 
finishorl to a fino smooth surfiico 
and takes a gornl polisli. 

Heavy, ^royish, hard, toii^li ivnd Constructional }nirposes. Bombay, C. P,| N". (Sircars 

strong ; difficult to saw ami and S. neecnn ; Burma, 

work. 


T. myriorarfia Coarso-textiinMl, inediurn-wiMglit ; Itoiiso building ; also for fiirni- Mainly Assam ; also Bengal, 

(llollock) somefirnes with a wavy fiddle- turn ; plywood for tea cliests. 

back figure ; 75-8(1% as strtjiig 
and hard ns teak ; fairly <»asy to 
saw and v\ irk and can be lini.sh- 
ed to a fairly good surface. 
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Namo 

Cliaractcrial ies 

LTs(is 

Availablo in 

T. panic i4Jala 
(Kitidal) 

Medium-toxlurod, gocwl strenyMi ; 
not vory dilfitmit to saw and 
w’ork. 

Constructional ami gen'U’al utility 
purposo** ; freipiently used as a 
substitute for leak. 

B unhay and South West of 
^ladras. 

T, tomcnlofta 
(Laurel) 

Dark-colourod, coarso-text-urod ; 
Hlronjj; iind liurd ; norinnj 

Hlraijrht -grained slock is oa.sy 
to .saw' and work to good 
finish ; turns on.sily and takes 
oxcellent polish. 

Building ])urposes. brid'jewmk; 
wdeotfHj figured stoek u.>M'd as 
cabinet wood of t‘\eeption:il 
bf'auty. 

Throiiglauit. Tudia. exeept 
Punjab and Assam. 

Tclrameles nwlijiorn 

(H‘inx) 

(*<)ar.s<.*-texl lift'd ; light ami st»ft ; 
easy to saw and work and 
finishe.vj to a good surface. 

Paekii g cases, tea chests and 
geiH'ral hox work ; tight .uid 
.shirk coop 'Fa go. 

.Vssaiii, heiig.-d, Miidi'.rs <ind 
.\iid)iin 111 Islands. 

T re win nudi flora 
((Litol) ■ 

Light, niodiuin (irie-le\tur<*tl ; e.-isy 
to saw and work to a .smooth 
surface. 

Parking cases and box shook. 

IT. P. and lhaigal ; siiinH 
i|u. lilt dies from Jhiiul>av' 
and .\ssaiu. 

Valeria Indica 
(Vella])liioy) 

.^^ediu^u-ll‘xlu^ed, light; saws 

and finishes to a good surfaeo 

Tea boxes, parking ejises,intiM*ior 
work in 1 v)u.m-s aud planking 

Soiilli wost- of .M.alras, 

ls)org, ;ind 'I’r.ai'aneijro. 


and takes a ;>;()()( I polisli. gfii'Tally ; .ilso I'liniil iir.*. 


X i/I in in/Jornrpa 


Medium to fine-h'xtiired ; heavy Ih’avy met ienal work, poles, Madras, Itomhay, aud 
and hanl ; not very casytosaw', and gener.il utility work. (’oorg : Small (juantities 

from (\ I*, aud t.)ri.-sa. 


A", (lolahriforni is 
(I’yinkado) 


Znnlhoxi/hnn. rhrfsa 


Heavy, reddish brown ; dilVieult (Amstruetional piirposivs, Hiirmn. 

to saw but works to a. srru>oth 
surface and takes a lino polish; 
extremely diirahlo. 

liight greyisti yellow to y<'lkm'ish IManks, rafters, intl fc»r chair- ^^'•l,ll)i 
grey ; modt'rately heavy, oven- making, 
textured; mo<leratoly hard and 
strong ; saw's and w'orks easily, 
finishes to a smooth surface 
and t(ik(*s a liigh poli.sh. 


A workshop for turning? out standard type's of 
doors and windows, furniture, tool handles, and 
packing cases should have in addition to the small 
hand tools the following labour-saving rriachln- 
cry: horizontal-, band-, circular-, frame-, and 
fret-.saws, single spindle rnouidor, four cutter 
i moulder, machines for thicknessing, tenoning, 
mortising, sand-papering, and founding, and drill- 
ing lathes for turning and copying, panel planer, 
saw sharpening machine, glue pi ess, and wood 
reasoning plant. 

The wood required for carpentry and cabinet- 
making is received in solid, laminated, and veneer 
forms. Lai'gc sized workshops buy solid wood 
such as deodar, kail, chir, and fir in the form of 
logs (10-20 ft. long and 2-1 ft. girth), and 
sleepers (sizes varying from 12 ft. xlO in. x5 in. 
to 8 ft. X 7 in. X 4 in.). C.P. teak logs are available 
in 10—16 ft. length and 9 — 16 in. giith. Sal wood 


IS obtained in the form of I); am.s (Hi 20 fl. long. 
18 in. wide and 1 ft. thick) or bullies (max. length, 
30 ft. and girth, less than 10 in.). Tne (p.’.antitios 
of logs of dilTerent gn ths availabit in Iho market 
are: 36-42 in., 20^; 42 !32 in., Tif)'.' ; 52 -60 in., 
15'v; and 60 in. and above. 10'^. About 50'; of 
the logs available are 8-12 ft. long, 30'; are 
12 15 It. long, and 20';, above 15 ft. ( Infornutt ion 

from D.G.I. & S.). Smaller concerns obtain their 
supplies in the form of slict'd logs from s.iw mills. 
The lumber represents 15 20'; of th(' cost ol 
furniture and hence a proper selection of raw 
material of c'oirect dimensions is essential for 
economy. In large conceins the lumber is c'odi- 
lied at the saw stage to that a maximum eon.'^i i va- 
tion of material may be secuied 
The timber has to be lirst seasoned. This is 
necessary to ensure the retention of shapr: and 
the prevention of splits, shakes, and cracks in the 
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finished articles due to variations in atmospheric 
moisture. Two methods are employed for season- 
ing — air seasoning and kiln seasoning. The latter 
is a controlled process and Ihe product obtained 
has definite predictable properties. A few wood- 
working factories in India have installed kiln- 
seasoning plants (see Wood seasoning). 

Laminated wood, in the form of plywood, is 
used in many types of furniture. It has 
greater strength than ordinary wood of the same 
thickness; it docs not crack or spilt due to varia- 
tions in atmospheric moisture *, it is available in 
standard graded sizes of considerable width. 
Black-board is another laminated product com- 
monly used in furniture production. It is made 
from a core of jointed solid timber faced on 
cither side with one or more veneers and is pre- 
ferred to plywood where appearance of solidity 
in the furniture is demanded. 

Veneens are thin slices, 0-6-0-9 mm. thick, 
peeled off from boards selected for their decorat- 
ive figuring. Veneers of oak and mahogany which 
are chiefly used in furniture work are received 
in bundles of 20 - 50 leaves. Walnut and various 
burrs and curls arc obtained as flitches and work- 
ed up into veneers before use. 

Animal glue, fish glue, and casein glue are the 
adhesives commonly employed in medium-sized 
workshops. Bone and hide glues are employed in 
cottage industries. These glues have to be heated 
with water before use. They are not quick- 
setting, and they usually leave a dark glue line 
if the joint is not properly finished. The larger 
concerns employ imported synthetic resins, which 
can be applied cold. They set quickly and are 
waterproof. Some of the adhesives are of the 
liquid ready-for-use type, and are specially well 
adapted for use in making musical instruments. 
Lactic and vegetable casein glues are used in 
plywood and toy manufactures. 

Other materials used in the industry arc screws, 
hinges, cabinet bolts, locks, handles, ball catches, 
castors, door handles, stays, hasps and staples, key 
face plates, adjustable shelf fittings, mirror fitt- 
ings, plate and sheet glass, mirrors, canvas, gunny, 
coir, cotton, leatherette, cane, etc. 

A large number of joints are used in wood 
work. Some are common to both carpentry and 
joinery. The joints employed in carpentry are: 
angle, bridle, cogging, dovetailing, halving, hous- 
ing, keying, mitring, mortise and tenon. Lengthen- 
ing joints include halved, finished, lapped, spliced, 
scarfed, and table joints. In joinery work such 
joints as tongue and groove, dowel, secret and 
slot screw, and hinging shuttering joints are 
used. 
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Design plays an important part in carpentry and 
furniture manufacture. Very few concerns in 
India employ designers and, in consequence, much 
of the work is imitative. There is a dearth of 
trained designers in the cabinet and joinery 
industries. 

The general procedure adopted in large concerns 
for the manufacture of first class cabinet and fur- 
niture is as follows: The designer prepares his 
perspective sketclies approved by the production 
manager and the customer, after which the work- 
ing drawings are completed. Those are sent to 
the cutting section, where timber which has al- 
ready been converted and seasoned is cut for issue 
to the foreman, who is responsible for marking the 
timber for machine work, rebates, mouldings, 
mortices, tenons, dovetai lings, sizing, etc. The 
machined parts and the drawings are passed on 
to the cabinet maker, who assembles them accord- 
ing to the drawings. The completed articles are 
inspected and sent to the polishing department 
for finishing. 

The work of veneering is a part of macliining. 
The veneers arc selected, cut to the required 
length, jointed and glued to the core stock of ply- 
wood or black-board, and pressed in a hot or cold 
press. The veneering of shaped or moulded furni- 
ture may be carried out by the use of special 
presses worked by compressed air. 

Finishing , — A large variety of wood finishing 
materials are in use. Articles exposed to mois- 
ture, and requiring frequent washing, such as 
dining room furniture, are given a dull wax finish. 
Drawing room and study room furniture are 
polished. Doors and windows, staircase wood- 
work, etc., are varnished. Ceilings, match-board- 
ing, wall panelling, etc., are coated with wood 
oil. Exposed wood- work is painted and rendered 
weather proof. 

Staining is necessary to give a uniform shade 
to the articles. Powder or liquid stains may be 
employed. Water soluble stains are fast to light, 
but they have a tendency to raise grains and 
loosen fibres thus producing a rough surface 
which should be sanded before finishing. The 
stains are allowed to stand on the surface of wood 
for 24—40 hrs. before finishing. Spirit stains 
contain a certain quantity of water and therefore 
tend to raise grains and fibres to some extent. 
Oil stains penetrate deep into the wood and give a 
dark shade to the soft portions of the wood. Oil 
stains are partly soluble in the solvents used in 
varnishes and lacquers, and are accordingly liable 
to bleed and spoil the appearance of the finishe?d 
surface. 

After staining the wood, open pores and splits, 
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Fig. 4. — Furniture and panelling. Forest Kescareh Institute, Drlira Dun 

if any, in the surface are filled up. A composition ci/.ors and extenders. Tlie polisli dries quickly 

of Silex, linseed oil, Japan drier, and colouring fiivin^ a hard and shiny surface. Three kinds of 

matter is used as filler. Drying takes about 16 French polishes — Bleached Hard, White Hard, and 

hrs. There are other fillers with shorter drying Brown Hard -are in usi*. The first is colourless, 

periods. As the filler forms the foundation for and the last leaves a dark brown (ilrn. French 

the surface finish, the selection of the filler is polish is applied by a rubber and allowed to settle 

important. itself on wood after the spii’it evaporates. The 

Wax -finishing consists in rubbing the surface surface is gently rubbed with a smooth sand- 

with bces-wax mixed with turpentine. A good paper to r emove the exet'ss of polish. Tlu' polish- 

wax polish is made by melting in a jacketed pot, ing is repeated tliree times, the last being done 

.1 lb. bces-wax, 1 oz. resin, and I pint turpentine. with diluted polish so that any excess of ix'sinous 

The polish is applied twice or thrice to the surface matter that is deposited on the surface' of the* 

of the wood, each coat of wax rubbed into the wood is removed bv .soliaion and (wened out. 

pores and allowed to stand for a few hours to Turpentine tnirnish us(‘d for intericn* work is 
enable the wax to harden and the turpentine to prepared by dissolving ix'sinous materials in oil 
evaporate. of turpentine or Venice turpentine. A good 

French polishing . — Articles of furniture used in varnish dries with a hard and transparent suiface 
drawing and study rooms, are finished with but it takes a longer tinu* than French polish for 
French polish (otherwise known as spirit varnish), drying 

The polish is prepared by dissolving soft resins Oil varnish is usc’d largely for carriages, 
such as shellac and sandarac resin in spirits of wagons, lorry bodies, ceilings, nigh class decora- 

wine or methylated spirit with or without plastU tions, etc. They are made by dissolving resins 

A 
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such as amber and copal in linseed oil. Oil var- 
nishes are applied in the same manner as turpen- 
tine varnish, and require a long time to dry. They 
give a hard and durable film. The best quality 
of oil varnish is made from selected fossil resin 
and Baltic linseed oil. 

Oiling. — Wood-ware is sometimes given a thick 
coating of double-boiled linseed oil. The coating 
is allowed to remain for about 24 hrs. and the 
excess oil wiped off by cloth. The oil penetrates 
into the pores of the wood and removes moisture. 
The finished surface has a dull appearance; the 
markings of woods with good figures arc effective- 
ly brought out by this treatment. 

Painting. — For exposed woodwork of buildings, 
and garden, verandah and bath room furniture, 
painting is usually recommended in preference to 
other finishing methods. The paint film covers 
the surface completely and prevents water or 
moisture from penetrating into the wood and 
causing decay. Oil paints, varnish paints, enamel 
paints, etc., are applied by brush. Nitro-cellulose 
paints are applied by spraying. 

Packing Ca.ses and Cooperage 

The manufacture of packing cases required for 
packing tea, coffee, tobacco, rubber, etc., received 
a great impetus during World War If. The 
timber required for packing cases should have the 
following properties: lightness, ease of working, 
non-liability to split when nails are driven into 
the wood, and freedom from shrinkage and warp- 
ing. The timber should preferably have a whitish 
colour and should be easily available at low 
price. For packing tea, butter and other food- 
stuffs, the wood should be free from objectionable 
odours. 

The lighter timbers such as simul {Bombax 
malabaricurn), .salai (Boswellia serrata), and 
mango (Mangifera indica) are employed for pack- 
ing cases. Other common packing case woods 
are listed in Table 1. Imported deal wood is also 
used. 

Conside?rable work has been carried out at the 
Forest Research Institute, Dchra Dun, on the 
improvement of designs for packing cases. The 
following improvemenls have been suggested: (1) 
the use of J in. thick battens at the ends instead 
of i in. battens, (2) the use of more nails in the 
end battens than in the end planks in fixing sides 
to ends, (3) the use of larger and thicki'i* nails 
(2] in. long for J in. planks), and (4) the use of 
hard wood battens for the ends (Limayc, Indian 
For. Bull, No. 117, 1943). 

The manufacture of tea boxes is a specialized 
industry for which 3-ply wood of standard 3/16 
in. is used. It is strong, light, and cheap. 


TABLK 2.- rRODi;(7rrON OF TLYWOOD TEA CHESTS’* 



NiimbtT 


N’uinlior 

1041 

750,000 

1940 

1,000,000 

1942 

900,000 

1947 

1 ,000,000 

104.^ 

1.400.000 

194S 

2.500,000 

1944 

2,200,000 

1949 

2,000,000 

1945 

1,000,000 




* Plywood Maniifftotiirors* A««ociftiIon of ftidlA* 


Simul wood is extensively used for tea chests. 
Tea chests of good strength are made from hollock 
(Terminalia myliocarjni) and hollong (Dipterocar- 
pus spp.). 

The standard sizes of chests commonly used for 
packing tea are: (1) 19 in. xl9 in.x24 in.; (2) 
19 in. xl9 in. x22 in.; (3) 18 in. xl8 in. x20 in.; (4) 
17 in. X 17 in. x 19 in.; (5) 16 in. x 16 in. x20 in.; and 
(6) 16 in. xl6 in.xl8 in. The total installed capa- 
city of plywood factories in India manufacturing 
tea chests is estimated at 4 million per annum, but 
the actual production is much less (Information 
from Central Tea Board). Table 2 gives the total 
estimated production of plywood chests in India 
since 1941. 

The manufacture of tea chest battens is a sizable 
industry. Prior to 1942, these were obtained 
from Sweden and Canada. Indigenous production 
was started in 1942. It is estimated that about 
20,000 tons of wood are consumed in the industry. 
The chief wood used is fir and the yearly con- 
sumption of tea chest battens is about 55 lakh sets. 

The Defence Department uses a large number 
of packing cases for which specilicaiiotis have 
been framed by the Technical Development Kstab- 
lishmcnt Stores. Their internal dimensions range 
from 12 in. xO in. x3 in. to 54 in. xl8 in. xl2 in. 

Cooperage comprises the manufacture of 
barrels, casks, tubes, drums, and other containc'rs 
for holding liquids and dry goods. Tight cooper- 
age is required for liquids such as oils, bi^er and 
wine, and loose or slack cooperage for dry goods 
such as cement, fioui*, salt, lime, and rosin. 

For tight cooperage, the wood should be strong, 
durable, non-shrinking, and impermeable to 
liquids. The wood should have straight grains and 
good fissibility. Also, it should not contain sub- 
stances which may contaminate the contents of 
the barrel and impart to them any undc'sirable 
taste, odour, or coloui'. For loose cooperage, 
impermeability is not important, but the timber 
should have all other qualities specified for tight 
cooperage. Light weight and easy availability at 
a price which would enable the containers lo 
compote with other forms of packing materials, 
e.g., sacks, paper and cloth bags, wooden boxes, 
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Fiff. 5. — Barrel making: in Travancorc 

and cartons, are other considerations in the choice 
of timber. 

Oak iQuercus spp.) is the cooperage timber used 
in Europe and U.S.A. for wine casks. Chestnut 
is used for inferior barrels. Several woods have 
been tried by breweries in India, and Greivia 
tiliaefolia, G. ^estita, Ougeinia dalhergioides, and 
Quercus dilata (Moru oak) arc considered suitable 
(Table I). Teak is a good barrel w'ood where its 
odour is not objectionable. 

Casks and barrels are made by binding together 
wooden side staves and end pieces by hoops. The 
slaves are prepared by splitting wood radially as 
such sections show less shrinkage and, consequent- 
ly, less leakage, than tangentially split w'ood. The 
split staves are shaped and bent to the required 
curve, the finished stave being thinner and 
narrow(?r at the ends with a broad and thick 
centre to allow for the bulging. Side staves vary 
in length according to size and use to which the 
container is put. Hogshead staves are over 4 ft. 
in length, while the usual wine barrel slaves arc 
about ft. to 3J ft. long. The breadth and 
thickness of staves also vary considerably accord- 
ing to the size of the container, but even in the 
same barrel, staves of widths varying from 2 to 4 
in. may be found. 

The head pieces are usually fiat, but in large 
casks they are curved inwards to withstand the 
pressure of the contents. The hoops are of iron, 
except in the case of light containers for transi- 
tional use which are bound with split strips of 
elm, ash, and birch, or rough coppiced shoots of 
willow and hazel. For high grade tight barrels, 
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the head pieces are dowelled to ensure a tight 
joint, while in loose cooperage the boards of the 
head pieces are joined with a plain butt joint 
similar to those in side staves. 

Barrels required for goods like sugar and salt 
are made of one sheet of wood peeled from a log 
on a rotary peeling machine. Such barrels or 
drums arc useful in small sizes; they are light but 
not strong (Trotter, 1940, 1G3). 

During World War IT, plywood containing, both 
cylindrical and rectangular, w^ere being manufac- 
tured in India. Round drums are cylinders of 
plywood wound round 2 thick discs of ply — or 
.solid wood forming the top and the bottom. In 
the larger sizes, iron or plywood bands are fixed 
round the cylinder at the top and bottom to give 
extra strength. The containers are suitable for 
packing moist or dry goods which do not affect 
wood and are not affected by the stain and odour 
of the wood. A sheet of 3-ply wood of the right 
size is prepared with an over-lapping sloping joint 
on both the edges to be joined and bent into 
cylindrical form, the two edges being cemented 
together in male and female mould pre.s.ses. The 
ends of the cylinder are cut and levelled. The 
tops and bottoms are fixed to the inside wall with 
casein glue, and bolts and nuts fixed through the 
cylinder; at the same time the fixture is reinforced 
by iron bands fitted outside, and nailed before the 
glue sets. The top is provided with an opening, 
and fitted with a solid wooden stopper, a metal 
strip for locking, and a leather w^asher. A great 
variety of inner coatings have been suggested to 
make the containers leak-proof so that they can be 
used for liquids (Muhammad, Indian For Leaf!., 
No. 24, 1942). 

A rectangular plywood container was designed 
by the Forest Research Institute, Dehra Dun. The 
four sides are made of ordinary 3-ply wood sheets, 
joined together by bent plywood coiner pieces, 
rivets being used for fastening the corner pieces 
to the side sheets. The corner pieces are made in 
a V-shaped iron mould. The innius are placed in 
the moulds after applying casein cement, and 
pressed into shape. The tops and bottoms are of 
7-ply wood and fixed in the same way as in round 
drums (Indian For. Lea/?., No. 26, 1942). 

Wood Turning 

Woods for turnery work may be divided into 
two classes — those used for domestic utensils sucli 
as milk jars, cups, bowls, etc., and those used for 
ornamental turnery such as legs for furniture and 
candlesticks. The articles belonging to the former 
class are made from .selected pale-coloured or 
white woods. Finer articles are made from 
coloured and ornamental woods. The lathe used 
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is simple and inexpensive. It consists of two 
wooden pc'gs sunk into th(' ground, about, A ft. 
apart; through tlie pegs pass two iron spikes 
(centre^s) on which the timber to be turned is 
revolved by a piece of cord. The wood revolves 
backwards and forwards, and during the latter 
motion, the skilled turner exc‘cutes his work. 

By-products 

The carptmlry and woodwork industry produces 
a large amount of waste wood consisting of saw- 
dust, sliavings. and wood wool. 

Sawdust is u.sed as fuel in special boiler fur- 
naces. It does not burn (easily as its mass smothers 
the lire due to insu'Iicient air supply. It is usually 
sprinkled into the boilei* furnaces from above in 
small quantities at a time. Alternatively, the 
burning sawdust is kept in a state of forced igni- 
tion by suitable draught. 

Sawdust has b(‘en used for the manufacture of 
compressed boards. Tlie particles are held to- 
gether f)y a binder azid pressure' applied to ensure 
rigidity. By compounding with tlu'rmosetting 
resins, fibre fillc-rs, and dyes, structural boards 
can be obtained by compression moulding. They 
have been used lor cabinets, wall boards, .shoe 
lasts, hamper tops, coat hangers, toilet seats, 
plaques, etc. The boards are used also for panc'l- 
ling and insulation. Sawdust briquettes, made by 
compressing sawdust mixed with a suitable 
binder, are iis(‘d as fuel. By using intlammable 
binders, bri(^uett('s which ignite* readily are 
obtained. They are used as lire-lighters. 

Sawdust is u.se'd as a packing material for small 
articles but for fragile goods such as glass and 
china, wood wool is preferred. For litter, saw- 
dust is superior to h'aves or pine-needles as it 
absorbs liquids readily and i.s clean and healthy. 

Sawdust is used for the product on of cellulose, 
vinegar, aleohol, sugar, and oxalic acid, and in the 
preparation of explosives. Jn forest nurser y })rac- 
tic(‘, it is spread between rows of seeds and of 
seedlings as a measurt* of protc.'ction against frost. 

Wood shavings are used as fuel and are parti- 
cularly useful for kindling lire. On account of 
their springiness, shavings are preferred to saw- 
dust ‘for litter. They are used as raw materials 
in many chemical industries, e.g., for the produc- 
lion of cellulose, m(.*thyl alcohol, etc., and are 
preferred to sawdust as they do not ‘pack’ in the 
ictorts. 

Wood wool is the name given to fine strips of 
wood shavi'd oil from larger pieces by special 
machinery. Waste wood is often ust*d in its pre- 
paration. Wood wool is light, clean, and elastic 
and serves as an ideal packing material for china 
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and glass, and for fruits. It has been also used foi* 
stufling mattresses. 

A largo part of the wood wool used in the 
Indian packaging industry is imported. The 
wool produced by the Wood Working Institute at 
Bareilly meets only a part of the requirements. 
Spruce (Picea morinda) is by far the best wood 
for wool as it is springy and odourless. Blue 
pine (Finns excelsa) is considered to be the next 
best. Wood wool from both these timbers is 
supplied to fruit orchards in the Punjab and 
Kumaon hills for packing peaches, apples, and 
apricots. 

Imports and Exports 

Table 3 gives the imports of furniture and 
cabinet-ware into India. 

Tabic 4 gives the imports ol tea chests into 
India. 

Out of the total imports in the quinquennium 
ending 1938-39, U.K. accounted for nearly 70% ; 
ihvsQ was no import from America. In 1940-41, 
LT.S.A. supplied 72%' of India’s total imports. In 
1946-47 and 1947-48, more than 90% of the imports 
wen? from U.S.A. and in 1948-49, the share of 
U.S.A. fell to about 60V< and in 1949-50, to 8% . 
Finland’s share in 1949-50 was 56%. 




TABLE 0.— EXruKTS OF FURNITURE AND 
CABlNEr-WARE 


1934/35— IU3S/39 (av.) 


Value 
(lakh Ra.) 

1.97 

11)39/40- 1943; 44 (uv.) 


1-92 

1944-45 

• 


104 

1945-49 . 

. 


2-40 

1949-47 

• 


5-94 

1947-48 

• 


9-37 

1948-49 



10 33 

1949.50 

. 


10- 10 


Table 5 gives the exports of furniture and 
cabinetware from India. 


CARPETS 

Carpet is a thick fabric, commonly of wool, 
used for covering floors and stairs. It is usual- 
ly composed of a woollen pile on a cotton base. 
A piloless cotton fabric made mostly for the 
home market, Durri as it is called, is sometimes 
erroneously included under carpets. The carpet 
industry is located mainly in north India. 

Carpet weaving in India dates back to the 15th 
century when carpets surpassing the Persian 
carpets in excellence were being produced by 
Indian arti.sans. The industry, however, 
languished during the 17th and 18th centuries, 
and carpet manufacture was confined only to 
Kashmir in the early part of the 19th century. 
In 1862 carpet weaving was introduced into a 
few jails in Punjab and other States. Thus re- 
vived, the industry progressed satisfactorily till 
it suffered a set back again during the depres- 
sion of 1930 and subsequent years. The 
Kashmir Government granted a subsidy in 1932 
to rehabilitate the industry, and the subsidy was 
withdrawn in 1943 when the industry wa.s well 
established. 

Uttar Pradesh. — The carpet industry is highly 
developed in many parts of U.P., particularly in 
Mirzapur, Bhadohi, Agra, Khamariah, Gopiganj, 
Madho Singh, Jaunpur, Jhansi, Shahjahanpur, 
Bareilly, Moradabad, Lucknow, and Kanpur. It 
is particularly well established in Mirzapur in 
which about 430 artisans are engaged in carpet 
weaving (Rep. Marketing Wool and Hair, India, 
1946, Marketing Ser. No. 54, 34; Mukhtar, Rep. 
Labour condition in Carpet Industry, 1947, 6). 
There are 14 factories at Mirzapur and 11 at 
Bhadohi. The work is executed by master 
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weavers who own looms and employ weavers. 
Mirzapur carpets arc exported to the United 
Kingdom and the United States of America. 

Kashmir. — Carpet weaving is a well establish- 
ed industry in Kashmir. Before the depression 
of 1930, about 825 looms were at work, and 
carpets worth about Rs. 26 lakhs were annual- 
ly produced (Bhan, Rep. Economic Survey 
of Carpet Industry in Kashmir, 1938, 10). There 
are now 7 factories in the State, all situated in 
Srinagar, and a fair number of independent 
workers in different parts of the city engaged 
in carpet manufacture. About 800 workers are 
engaged in the trade (Mukhtar, op. cit., 20). 

Punjab. — The industry is mainly located in 
Amritsar and Chheharatta. There are seven 
factories employing in all 425 workers (Mukhtar, 
op. cit., 33). In addition, there are a few inde- 
pendent producers. 

Madras. — Ellore, Wallajapet, and Masulipatam 
are the important centres of pile carpet manu- 
facture in Madras. Other centres are Salem and 
Vellore. Carpets manufactured by the Ellore 
Pile Carpet Co-operative Weaver.^ Society are 
mostly exported to foreign countries. About 
1,50,000 sq. yds. or 6*7 lakh lb. of carpets are 
manufactured in Madras State every year. 
{India & Madras Presidency at a Glance, 1st 
Ed., Pt. Ill, 4). 

Bihar.- -Carpet weaving is a cottage industry 
in Obra, Patna, and Sa.saram. 

Hyderabad. — The carpets of Warangal made 
by cottage workers are well known all over 
India. The Government has recently establish- 
ed a carpet weaving factory. During the last 
few years the number of looms has increa.scd 
from 70 to 400 (Indian Text. J., 1946, 57, 260). 

Gwalior. — Gwalior is an important centre for 
the production of carpets of the cheaper quality. 
The State factory employs 310 workers (Mukh- 
tar, op. cit, 39). 

Mysore. — Once well known for carpets, the in- 
dustry in Mysore is now mainly confined to the 
manufacture of druggets. There are two big and 
five small factories, and out of 250 looms, about 
200 are distributed in Bangalore, and 50 in 
Yeswantpur, Kengeri, and Kolar (Rep. Market- 
ing Wool & Hair, India, 34). 

Bengal. — Only Asans arc manufactured in 
Bengal on a cottage scale by weaving or felting. 
Carpets of Tibetan designs are produced at 
Kalimpong. 

Jaipur, Bikaner, Baroda, Travancore, Porbun- 
der, Rewa, and Indore are other prominent cen- 
tres for carpet manufacture. 
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Raw Materials 

Wool is the most important raw material 
in the carpet industry. It is an ideal 
surface for carpets as it can be spun to any 
thickness and dyed to any sliade; also it retains 
its appearance and withstands reasonably hard 
wear. In the manufacture of special qualities of 
carpets, wool is used in place of cotton for the 
warps and wefts of the base. Pulled wools are 
mostly used for ordinary carpets, while import- 
ed yarn is used for the more expemsive types. 
The characteristics valued in the selection of 
carpet wools are springiness or resilience and 
colour’. 

Table 1 gives a list of carpet wools available 
in India. 

The wool available locally is used for carpet 
manufactui’e in most centres. Bikaner wool, 
par ticularly the Magra type, is considered to be 
one (jf the best for line carpets and is in demand 
outside? Bikaner. In Kashmir and Punjab, im- 
ported Pashrnina is used to a limited extent 
mainly for fine stitch. Carpet wool imported 
from Punjab, Madhya Pradesh, Rajputana, and 
Gwalior is used in IJ.P. Only inferior local 
wool is used in drugget manufacture. 


The main carpet producing areas used an 
average of 3,794,000 lb. of wool per year for 
carpet weaving during the period 1937/38 — 
1939/40. Of this, 54/f was used in U.P., 18-4% 
in Madras, 15-5^^ in Mysore, and 11*8/# in Punjab 
(Brochure Marketing oj Wool in India, 1948, No. 2, 
5). In addition, 64,000 lb. were used in Bengal, 
and 38,000 lb. in Bihar (Rep. Marketing Wool & 
Hair, India, 34). 

Wool is sorted according to colour, staple, ap- 
pearance, lustre, and fineness. Tn south India, 
grading is carried out in tanneries, the wools 
being sorted into light fawn, dark fawn, grey, 
black, and white. Limed wool is preferred for 
druggets owing to its cheapness; occasionally it 
is mixed with shorn wool up to 30^, ^ to give 
strength (Rep Marketing Wool & Hair, India, 
67). The wool is washed thoroughly, dried 
in the sun, carded, and finally hand-spun; 
it is next dyed and washed when it is ready for 
the loom. 

Vegetable dyes employed in carpet manufac- 
ture have now beim replaced to a large extent 
by synthetic dyestulfs. Natural dyestuffs were 
used for Persian and old Indian carpets; for 
colour and beauty they are still unsurpassed. 
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The colours employed are, generally, light tones 
of pink, red, yellow, and blue, the sides being 
finished with darker shades. 

Twisted cotton yarn is used for warp in all 
kinds of carpets, and for wefts in some carpets. 
In the manufacture of fine qualities of Persian 
carpets, cotton yarn is used for both warp and 
weft. It gives a lighter, better, and more com- 
pact foundation than wool. Twisted jute yarn 
is used as weft in carpets of inferior quality. 
Untwisted hemp yarn (2-ply), silk, and rayon 
are also sometimes used. Silk cai'pets are woven 
on silk warp and weft, the pile also being silk. 
These carpets an? made only in Kashmir against 
orders. They have a brilliant sheen, but get 
soiled quickly, do not wear well like wool, and 
are less resilient than wooll(?n carpets. 

CaRPKT WtAVlNd 

Indian pile carpets are hand-made. The tech- 
nique of weaving dilTei*s from that adopted for 
cotton textiles in that, besides weaving, the pile 
which gives the carpet its distinctive surface, 
has to be knotted. A vertical loom, consisting 
of two horizontal wooden rollers or beams 
between which th(? warp threads are stretched 





rig. 7. — Carpet knots — (left) Seiine; (riicht) Ghiordes 

vertically, is employed. The beams rest on two 
upright posts, 6 -T ft. high, the space between 
them being the width of the carpet. The top 
roller (warp beam) holds the warp, and the 
bottom one (carpet beam), which is often placed 
in a trench dug below the ground level and fixed 
about one foot above the bottom of the trench, 
is used for rolling up the carpet as it is woven. 
The warp threads are tightened by turning the 
rollers in opposite directions. There are two 
threads in owoiy warp, one in the front and one 
at the back. The loom is provided with a pair 
of horizontal poles fastened to the back and 
front threads of the warp by loops; (‘ach pole is 
fastened along its length to several bows which 
rest on a lixed beam, the string being fastened 
to the pole. There is a separate set of bows for 
each of the two threads. This device is meant 
for crossing the front and back threads of the 
warp for the insertion of the weft. OtluM* ap- 
pliances j’CMjuired are: a knife with a cuived 
blade for cutting the pile ends, a heavy comb 
to beat the weft and the pile to give a compact 
texture, and a pair of scissors for trimming each 
row of pile after insertion. 

D.yed wool for the pile is hung over*head in the 
form of balls. The weaving commences when 
the weft lhrt*ads are woven into the warp 
threads in the ordinary way making a border 
and fringe about 4- 6 in. deep. A piece of wool 
is knotted round the warp threads, front and 
back, tuft by tuft. Usually the Pei\sian or Senne 
knot in which the tufts of yarn come singly bet- 
ween each warp thread is used. Occasionally 
Turkish or Ghiordes knot is used in which the 
two ends of the pile yarn appear on the surface 
between adjacent wai’p threads passing around 
them. To put the Senne knot, a bit of wool is 
passed under* the front thread, then over it 
from right to left, then passed underneath the 
corresponding back thread, then over it from 
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Fig. G. — Carpet weaving 
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left to right, and finaJly the two ends arc pulled 
at right angles to the warp, brought to the front, 
and cut to the recjuired length ot the pile. This 
process is repeated for cviny warp with bits of 
coloured wool to conform to the pattern, until 
ihe row is completed. When the first row is 
knotted, one or more weft threads are passed 
between the warp threads and pressed by a 
comb the teeth of which pass between the warp 
threads to give a close knit. After each row of 
pile has been put in, the projecting ends arc 
straightened by pulling and trimmed with scis- 
sors to the desired length. Close trimming 
brings out more minutely the colour variations. 
A second row of knots is put in, and the process 
continued till the whole carpet is completed. 
Generally, stronger warp threads arc? employed 
on the sides for giving better support to the weft. 
Sometimes, both warp and weft threads aie 
dyed, eithi'r entirely or at the ends only, to give 
a coloured webbing to the finished piece. A 
number of persons arc? engaged in the weaving 
simultaneously (generally one weaver for ewery 
UJ to 24 in. of the carpc't width). 

After weaving, the carpet is lipread on the 
ground for rubbing, brushing, and clipping to 
ensure that the pile is of uniform hc‘ight. A 
fortnight or a month is required, dc?pending on 
the size, quality, and design, to complete one 
carpet. 

The pattern is drawn on a graph paper and is 
hung bc?fore the weaver to guide him in his 
work. Simple patterns are woven from memory. 

The quality of a carpet is determined by the 
number of knots per sq. in., which in turn is 
determined by the closeness of the warp threads, 
the number of weft threads thrown across after 
each row, and by the count of the threads. The 
tighter and closer the knots, the more perpendi- 
cular will be the? pile and the more durable’, the 
carpet. In coarse carpets, 4 or i3 weft threads are 
passed after c’ach row of knots. There’ is room for 
overlapping rows of yarn to untwist, thereby 
giving the carpet sheen and lustre. T^oosely 
woven long-piled carpets have more sheem than 
tightly, woven short-piled carpets. Also, the 
fewer and the lighter the weft threads are, the 
more flexible the carpet is. Indian carpels 
woven at various centres range from a coarse? 
quality containing 9 (3x3) knots, to fine quality 
containing 400 (20x20) knots to the sq. in. 
Some firms claim to make carpets witli 3,000 
(50x60) knots to the’ .sq. in. 

Indian c?arpcts are highly artistic and are 
popular in foreign markets The expensive 


types arc made in Srinagar, Amritsar, and Agra, 
while the more common bazaar qualities are 
maele in Mirzapur, Gwalior, and a few other 
places. The designs are generally copied from 
old Persian masteipiecx’s, or are supplied by 
carpet dealers in Europe and America. The 
latter are geometrical designs with good colour 
harmony. In Kashmir, designs depicting land- 
scapes in natural colour’s are in vogue. Mirzapur 
carpets have characteristic medal lations and 
floral designs depicting ti’ees, leaves, and ani- 
mals. In Amritsar* and at Agra, beautiful re- 
productions are made of famous old carpets 
exhibited in Vienna. South Kensington, and 
other museums. 

Trade 

The prosperity of the Indian carpet industry 
depends largely on the extent of demand for 
the products in foreign markets. About 9()/r 
of the superior grades of carpets are export- 
ed, and some of the bigger factories produce car 
pets only against orders fi’om tlu’ir agents in 
the United Kingdom and in the U.S.A. 
Table 2 gives exports of woollen caip(?ls and 
rugs from India. 

Exports from India increased from about 
Rs. 25 lakhs, before the frr’st World War to about 
Hs. 60 lakhs soon after- the War. They dechn(?d 
during th(' d(‘pression of the? thirti(?s, but were 
revived soon after-, in 1937-36, India exported 
car’pets valued at Hs. 102 lakhs. The United 
Kingdom and the U.S.A. were the chief 
customers till 1930, and each of those countries 
importi’d about 40' r of India's production. 
Canada, Australia, Japan, and Ceylon together 
accounted for nearly IOC. During 1926-29 
to 1936-39, exports .to the United Kingdom 
were stimulatc'd as a consequ(’nce of the Ottawa 
AgTcement, and her* share' rose to 75C , while the 
shar(’ of U.S.A. decreased to IOC . Tlu' decline in 
export to the United States was due to the avail- 
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PI. II 



A finished carpet 






TAHLK l.MI’Oiri’S OK KAKI'KIS AND KLOOK Ki;(JS 

Qlv. \'jkIiio 

(1,(M)<I III.) (ImUIi Kh.) 


i!»;is/;j') (av.) 


IT.-il* 

i> 

U»3<l;4n -114.3/11 (av.) 


s:i 

2 1 

11)11-4.1 


.» . - 

0 1 

l!)4.’'-4<; 


(IS 

0-.3 



11 2 

4 0 

l!)J7-4S 


1 U’S • 1 

4 -.3 

lil4S-4J) 



IIO 

11)41)50 


J).") .3 

.■> ■ .■» 


ability of machine-woven oriental carpels pro- 
duced in that country and to the imposition of 
heavy tariff duties on imports. 

Exports again inereascHl after World War If; 

I lie peak was reached in 194()-47 when India 
exported 15,501,3.98 lb. of carpels and rugs 
valued at Rs. 4,74,78,311. The main destinations 
wtu'c United States of America (25 0^), United 
Kingdom (22-U<), Canada (l()-6'/ ), and Austra- 
lia 112*2'<), the figures within brackets indi- 
cating the share in total exports. More 
than 72S of the total exports from India in 
1948-49 and c. 78' ^ in 1949-50 wore to the United 
Kingdom. 

To encourage* the export of carpets, the Cot- 
tage Indusliies Directorate of the* Ministry of 
Industry and Supply arranges supplies at 
reasonable prices of wool, cotton, and dyes to 
carpet and drugget manufacturers. It is piopos- 
ed to establish regional dye houses in Madras, 
Mysore, U.P., and Rajasthan with a view to raise 
the quality of goods, improve the designs, and 
provide a suitable inspection machinery before 
exports 1 7. & S. Bull, 1949, 2(4), 27]. 

Imports of carpets into India are negligible 
(Table 3). A small quantity is imported from 
the United Kingdom and l]*an. 

Imports of carpels are subject to a general 
revenue duty of 42' r ad valorem: tlie duty on 
imports fiom U.K. is 30' r ad valorev}. 

CARRIAGES, RAILWAY 

The manufacture of railway carriages forms 
an important part of the woi k of the Indian rail- 
way workshops. The effective life of a timber 
body carriage is about 20 years, after which the 
maintenance costs rise so sharply that it is more 
economical to build the coach anew. The rail- 
way workshops are mainly engaged in replace- 
ment work, and only a part of the resources is 
utilized for increasing the coaching stock. About 
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25,800 coaching vehicles were in service in March 
1945; 21,000 vehicles were in service in the Indian 
Union in March 1949. 

The construction of railway carriages in India 
was startled in a f('w railway workshops in the 
early sixties of the 19th century, and by 1880 
several railw’ay workshops were equipped with 
plant and machinery for the production of car- 
riages. The early carriages w^ere entirely of teak 
wood construct ion. and closely resembled those 
in service in England at that time. The typical 
four-wMieeler, class 111 broad gauge carriage had 
outw^ard opening doors, longitudinal or trans- 
verse seats with restricted dimensions in respect 
of hip width, depth and knee room, and seating 
accommodation for 40—60 passengers. The 
u-iderfrarne was made of timber. The length 
varic'd from 20 to 30 ft. and the tare was 8 — 
15 tons. Sunshades were provided to afford pro- 
tection against sun. In 1863, the Bombay, Baroda 
& Central India (B.B. & C.l.) Railways intro- 
duced the double-deck class 111 carriage of 
unusual construction. There were no benches on 
the upper deck due to dimensional limitations 
and the passe .igers had to s(]uat on the floor. 

Bogie carriages weie inirojuct‘d at the begin- 
ning of the pr(*senl centuiy. The doors opened 
inwards and the standard of amenities and com- 
forts was improv(‘d. The longitudinal seating 
arrangement was retained in the bogie stock. The 
discard!. ig of sunshades rond(*rod possible the 
increase in body length to 70 ft. with an overall 
wddth of 9i ft. and bogie centres 50 ft. apart. 
The adoption of the bogie increased the average 
weight of carriages from 9-76 tons (in 1885) to 
36*8 tons (in 1908). The dead W’eight per scat 
increased in the same period from 0*16 ton to 
0-306 ton. 

The continuous vacuum brake was introduced 
in 1900. Though ( ompressed air brakes have now 
b(*en introducc'd in U.S.A. and Europe, the vacuum 
brake continues t ) be used in India on account 
of its cornpaiative simplicity, and low’or initial 
and maintenance costs. Gas lighting was in wide 
u.se by 1900 and electric lighti.ig was introduced 
on aln)ost all the major railways by 1920. The 
adoption of fluore.scent lighting is now under test. 

Since the inception in 1929 of the Central 
Standards Ollicc for Railways, the production of 
cariiage bodies and underframes in railway and 
private wor kshops has followed a uniform pattern 
with atte.idant economies. Standard designs 
have been developed to promote to the maximum 
extent possible indigenous industries and the use 
of raw and linished products available from 
Indian sources. 
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Thtue are at pivscnt 9 principal railway car- 
riage workshops in fiidia, viz., E. T. Railway 
wuikshops at Lillooah, Kanchi apara, and Luc- 
know; B.B. 8z C.I. Railway workshops at Ajmer 
and Pand (Bombay); G. I. P. Railway workshop 
at Matunga (Bombay); B. N. Railway workshop 
at Kharagpur; M. & S. M. Railway workshop at 
Perambur (Madras); and S. L Railway workshop 
at Golde 1 Rock (Trichinopoly). The combinc'd 
annual capacity ot those workshops I'or the pro- 
duction of finished bogie cairiagi\s is about 500. 

Raw materials. — The imporlaiil raw materials 
rccjuirc'd for the const lucl ion of carriages are 
timber and steel. Timber for railway carriages 
and wagons should be* sullieiently strong and dur- 
able, have good .shock-resisting ability, should be 
reasonably free from seasoning defects, and 
should be availabh' in sufTicient (jua.itilies to 
ensure a continuous supply of not less than 500 
tons per annum. 

Teak still holds the place of prime importance 
in the fabrication of body structures. It has the 
outstanding nitm f)f letaining shape' and is highly 
resistant to decay and insect attack. It is 
receptive to dec(.)rative effects, such as carving, 
staining, and polishing. It has a low coellicient 
of expansion and stands up in a surprising 
manner to the capricious changes of the Indian 
climate. Expe'rience has justified its use for car- 


riage construction for nearly a century. 

The chief difficulty in furthering the use of 
indigenous woods other than teak in carriage 
building, is apparently connected with inadequate 
supplies of properly si'asoned timbers. Usually, 
the time between the felling of the tree and its 
arrival at the railway workshop is short, and the 
limber rviust be properly seasoned to render it 
serviceable. The workshops, in many instances, 
cannot ailord the space required for storing large 
slocks of raw and seasoned timbers. The pro- 
vision of kiln-seasoning plants would probably 
enable workshops to utilize larger proportions of 
indigenous woods other than teak. 

Timbers othc'r than teak used by railways for 
carriage work are: 

FHcrocarpus dalbergioides — Panelling, casing 
boaids; Adina cordifolia -Seats and casing boards; 
Ccdnis deoda'm- Shutters, etc.; Dalbergia Lati- 
folia — Furniture and ilooring; Acacia arabica — 
Bolster beams, pillars, framing and floor boards. 
In addition to the above, the following timbers 
ai(' used in fail* quantities: Cedrela ioona, Dip- 
terocarpas spp.. Lager si roemia spp,, Finns longi- 
folia and P. c.rcelsa, Pterocarpns marsupium, 
Terrninalia tomentosa, and Xylia spp. Other 
timbers, recommended for various purpo.ses in 
railway worksliops are listed in Table 1 (Trotter, 
1940, 149). 
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45,000 tons of indi^^enous woods wcro used in 
carriage and wagon shops in 1929-30. Out of this 
total, 31,000 tons (or 69%) wore teak. In 1930-31, 
the figure for other indigenous limbers had risen 
to 50% of the total (Trotter, 1940. 147). 

In addition to timber, a large variety of raw 
and finished materials, both indigenous and im- 
ported, is used in the construction of railway 
carriages. Among the indigenous materials used 
are: steel rolhui sections and plates, wheels and 
axles, springs, buffing and draw gear, axle boxes, 
rubber fittings, and paints. The imported mate- 
rials include tiain lighting equipment, batten ies, 
glass, roof coverings, imitation ic'ather for up- 
holstery, and sanitary fittings. 

The approximate quantities of raw materials 
required for building a standard bioad gauge 
coach body (68 ft. long x 9 ft. 11 in. wide) are: 
timber logs, 30 tons; steel sections (including 
screws, bolts, etc.), 3—4 tons. The corresponding 
quantities for a standard metre gauge coach body 
(56 ft. 6 in. long. X 8 ft. 5 in. wide) are 20 tons 
and 2 -3 tons respectively. 

Underframe and Body. — The manufacture of 
steel underframes and bogies in India was start- 
ed in the beginning of this century by 
Messrs. Burn and Co. and Jessops and Co. of 
Calcutta. Plant and machinery of Peninsular 
Ijocomoiives Co. were acquired by Governnu'nt in 
1924, and subsequently by Tata ICuyineerimi and 
Locomotive Co. (Telco), and used for the con- 
struction of carriage underframes. Some of the 
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underframes built by the Tatanagar factory over 
30 years ago are still in service. 

The timber body is fabricated either directly 
on the under frame or on the shop floor. Direct 
fabrication is generally favouied as it helps to 
maintain rigid joints. In the latter method, the 
body is jacki'd up after completion, the under- 
frame placed in position, and llu' body lowtM’ed 
on the Lindc'r frame. 

The main sub-ass('mblies and components of a 
timber body carriage art': bottom framing, end 
framing, sides, bulk-heads, roof and ceiling, in- 
side and outside panelling, and insidt' furnishing. 

Tilt* ct)st t>f construction varies within wide 
limits depending on local ctinditions. A timber 
body takes about iri.OOl) man-hours for fabrica- 
tion. a. id tht* present day cost of a Class 111 bogie 
carriagt* is approximately Rs. 80,600 of which the 
underfi amt* anti bogie account for about Rs. 25,000. 

A small number of air-cunditionetl carriages 
built in railway workshops were placed on ser- 
vice nearly 15 years ago. They are lilted with 
ice-activated and electromechanical systems of 
air-conditioning. 

The maintenance (.)f carriagi*s invt)lves regular 
examinatioi of vehicles whili* on run, and also 
tluirough periodical ovt'ihaul and ri'condititining. 
Carriagt's on mail anti exprt'ss st*rvict.*s are over- 
hault'd at intei vals of 6 and 9 months respective- 
ly, and those used less inlt'tisivt'ly are ‘shopped’ 
at intervals of 1-3 yrs. During pt'iiodical 
shopping, all gi‘ar subject to wt‘ar and tear is 



8. — Superstructure of timber coach body 
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Fig. 9. — Bogie for 

exam;n(?cl, and worn out componrnts ropaircd or 
renewed. The interior furnishin^^ is Ihorouj^hly 
overhauled and both ihv interior and exterior of 
the body fully or partially painted. Every 5 
years the old paint is completely iomov<'d and 
all surfaces repainted. Tin* liini’ leouired for 
periodical overhaul in workshops varies from 10 to 
22 days, divided between li^htin/^, lifli ij:’. body 
repair, and paint shops. In ceitain cases, body 
repairs and painting account for 18 days out of 
the total of 22 days in the workshops. 

All-stkko Carrtagks 

The construction of carriages was cuitailed 
during World War II when the plant and machi- 
nery available in railway workshops were re- 
quisitioned for the production of war materials. 
Meanwhile, thousands of carriages had complet- 
ed their normal span of 30 years' life and attain- 
ed super-annuation. The Hmdustmi Aircraft Ltd., 
which was started during the War for the main- 
tenance of aircraft, took up the manufacture of 
all-steel Class III broad gauge carriage bodies on 
standard 68 ft. frames. The leading particulars 
of this type of coach are: length of body, 70 ft.; 
width of body, 10 ft.; seating capacity, 76; and 
taro weight, 40 tons. 

The body structure is fabricated in mild steel 
sheets and pressings varying in thickness from 
0-05 to 0-125 in. with cold closed rivets; about 
70,000 rivets are used in each coach. Electric 
arc and fusion gas welding are used to a limited 
extent. Sub-assemblies are fabricated on jigs to 
facilitate interchangeability prior to final erection 
on the underframe to form a complete coach. The 
present output is four coaches per month, but the 
target is eight per month. Out of hundred 
coaches of this type ordered by the Railway 
Board, fifty had been delivered up to the end 
of Nov. 1949. Similar Class II coaches using the 
Class III shell arc being planned. Tentative 
orders have also been placed with The liiiidustaji 
Aircraft Ltd., for 100 all-metal class III broad 
gauge integral railway coaches. 


carriage underframe 

LtGIIT-WEIOHT CARRIAGIiS 

The trend in recent years is towards the con- 
struction of light-weight caniages, which would 
result in operational economies and me(‘t Ihe 
demand for high speed opeiatio i. Thev are also 
adapted for the introduction of internal combus- 
tion engines. The increasing competit’on of road 
vehicles and airliners has necessitated high speed 
operation in railways both for short and long 
hauls, and light-weight carriages are indisptms- 
able for achieving the speeds n^quin’d. 

The basic materials for th(‘ construction of 
light-weight carriages are: low carbon copper- 
boaring stool; low alloy high tensile steel; stain- 
less steels; and aluminium alloys. Those mate- 
rials can bo cold-worked and effectively joined. 
Copper-bearing steel and high tensile slool are 
favoured on account of their low cost, resistance 
to corrosion, and good weldability. Stainless 
steel is used to some extent in U.S.A. The use 
of aluminium alloys is still in an exporirriental 
stage aiid no railway has yet built aluminium 
carriages. 

The need for light-weight carriages has been 
keenly felt in India for some time past. Each 
ton of passenger train costs about Rs. 135 per 
year in coal, and o;i an average, about 15 tons 
of train are hauled foi* each ton of Class 111 
passengers, and about 40 tons of train per ton 
of Class I passengers. The annual coal bill of 
the Indian railways is Rs. 22 crores. The saving 
in coal consumption possible from reduction in 
weight of the passenger carriage by about 20% 
would be enormous. To achieve this, reduction 
in weight even at about 20% greater cost would 
be justified. 

In 1945, the Railway Board accepted the need 
for the introduction of all-metal light-weight cai- 
riages on broad gauge and metre gauge systems 
with improved amenity standards in Class III 
stock. Two experimental designs wore prepared, 
one by the Central Standards Office embodying 
an all-wclded construction, and the other 
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^ The Hmbistan Aircraft 

ponslruction. Two prolotvne 
firaitlwaites (India) Ltd 

tests at th(.' Railway Research Slafinn 

tS"' ’“f ' The expeiirnentol work and 

h.^l.s conducted have lurnlshed useful tech.S 
data and proved the practicability of all-rncia 
designs o.i Indian Uailways. 

h-iv^’t"'*'^ I'eh’t-weight coaches which 

•er., weight 

eduction consistent with strength and safelv 

Indi/f^'*^r "* i'at'hnies in 

t^mei-ru carriages 

The . 10 ,v carriage is of -skin-siressed'. tubular- 

underframe 

pnse an integral all-weldod unit. Its trouoh 

“"^‘^'‘■^Tame construclion. which 
. been successfully employed in a few Euro- 
pean countries, has made possible considerable 
reduction in weight. The a iti-telescopic body 
h’ withstand sudden impacts of 

high intensity without suffering damage^ ensure 
a measure of safety in ncciden.: po.sseSed by no 
Cl design hitherto tried in India. The body 
.shell can withstand, without any of its numerous 


Fitf. lO.^Railway sleeping car 

Lid., featuring members showi is siens nf ai r 

load of ‘>00 lon^ a compression 

length over buffers. 73 ft 2 in- hnT. i? i 

base. 9 ft^ « in.; floor height above’ rail-tevcl ^Tt 
■i in.; Width of body 10 fl « in • “• 

seat. 0.375 ton. 

The bogies are of all-welded construclion and 
eaturc scll-aligning roller bearings mounted in 
cas .steel axle boxes to lake radial anS axi^T 

?FfH=~aSS3 

t.ypc. piyots working in oil. and direct driye clec^ 
(no generators mounti-d on the bogie sole plSes 
The new coach provides a high standard fir 
amenities in Class III. The width and dcmUi oi 

gangways have 

m,?nf ^ ''•ansver.se seating arrange- 

ment, electric tan.s. higher intensity of illumiJa 
tion. insulation against heat, wa.sh basins Lnd' 
mm-ors and balanced glass windows represent 
a consideidblc advance on the existing standards! 
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Table 2 summarizes the new scale of comforts 
compared with the existing schedule. 

The light-weight class III coach weighs 30 tons 
as against 40 tons for the standard coach. But 
the operational economics made possible by the 
reduction in weight are partly vitiated by its 
lower carrying capacity of 80 compared with 96 
passengers. The dead weight per seat for the n(?w 



Fiff. Jl. — Fabrication of all-mctal coach roof 



Fig. 12. — Finished all-metal coach 

coach is, however, 10' f less than that for the 
conventional coach, l^ess power will, therefore, 
bo required to haul a train w'ith identical capacity 
consisting of light-weight coaches. 

Materials of indigenous origin will be used to 
the maximum possible extent. Of the 30 tons of 
materials required for the construction of a coach, 
26 tons will be obtained from India’s own re.sour- 
ces. The following is a summary of different 
materials required for the new Class III coacli: 
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Carriages. Tramway 

Tramway caviiages are built on old or import- 
ed bogie car l.ucks as and when required. The 
parts locally made arc cai’ bodies, undertrames, 
and super-structures. Other requirements such 
as motors, controllers, circuit breakers, resistan- 
ces, air brakes, peacock brakes, and trolley stan- 
dards arc imported. Some of the tramway 
companies have organized workshops for build- 
ing carriages; others purchase their require- 
ments. 

The total annual consumption of wood in 
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tramway workshops at Calcutta is stated to be 
128-5 tons o! teak wood. 25-5 tons of English 
wood, and 2,288 tons of sal wood. All the wood 
required for the cars and for sleepeis of tram- 
way lines are secured from souices outside West 
Bengal. • A small quantity of Jarrah wood 
(Eucalyptus m/j'ginata Srn.) is import('d from 
Australia. In the wood working section of the 
Calcutta workshoi)s, 138 caipentins are reported 
to be employed (Rep. Beuyal Industrial Surt'ey 
ComrtiiUee. i947, 134). The total number of vehi- 
cles at present is 428 with a further 30 new 
vehicles ordered, while the number of vehicles 
in daily service is 333, comprising 300 (irst and 
second class trarncars for Calcutta and 30 cars for 
Howl ah. 50 cars are being built to a nc'w dt‘sign 
(Industrial & Commercial India. 1948-49, 278). 

During the' period December 1947 to August 
1949, 29 double deck bogie tram cars were built 
by the Bombay Electric Supply & Tran.sport 
Undertakinq with trucks and electric ecpiipment 
from scrapped single deck bogie tram cars. 
The cost of each car fitted with air-brakes 
was c. Us. 35,000; the low cost was due to nmse 
of old equipment. The cost of building a new 
double deck car with new trucks and electrical 
eciuipment is e.stimaled at Rs. 1,27,000. In addi- 
tion to the above, 25 tiam cars of standard dimen- 
‘sions W('it‘ constructed on second-hand American 
S Tigle-dc'ck bogie cais during tlu' ptu’iod July to 
Nov('mber 1949. 

During thi* 3 years, 1947 - 1949, the Madras 
Electric Tramicays Ltd., built annually 12 cars, 
the cost of a bogie tramcar being Ks. 64,,500 
(body, Rs. 17,000; equipment, Rs. 37,000; air 
compressor, Rs. 3,500; and one pair traction 
trucks, Rs. 7,000). 


Imports of Carriages 

Some parts requiied for carriages and railway 
coaclu's are imported from the United Kinedom 
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CARTS 

The value of annual imports for tlu' period 1934-35 
to 1949-50 is given in Table 3. 

CARTS 

The lerrn caiT is applied to all two-wh(‘ek‘d 
V(‘h'cles drawn bv animals or human beings, and 
used in farming and iranspoil. It also includes 
wheeled carriages draw ’ by ho.ses, mulr'S. 
camels, or donkeys. 

Carts may be classiiii'd as horse-drawn, bullock- 
drawn, and man-drawn, llorsi^-drawn vehicles 
are found in all the counliie.; of the world. 1.*. 
countiies where there aii‘ few horses and lower 
motor cais. bullock-drawn vi-hich's art' wid<.‘ly 
used for transporting goods. Man-drawn v(‘hi- 
cles include: hand-carts, delivery vans, wheel 
barrows, and rickshaws. 

Horse-drawn cai riages such as victoi ia.-^ , 
hackney carriage.:;, tongas, and ekkas art' found 
in cities and towns. In south India, the bullock 
cart used for conveying persons is diawn by a 
single bullock. The framework is mounted on 
spri.igs and tlu* whet'ls are titli*d with solid 
rubber tyres. Rickshaws — both man-diawn and 
cycle-drawn — offer another mode* of conveyance* in 
cit ie*s. 

Bullock Carts 

Bullock caits form the* bulk of animal drive'u 
vehicle's in India. Buffaloes also are sometimes 
used for drawing carts; camels are emplejye'd loi' 
dr aught pin poses in some parl*^ t)f north India. 
The.se* carts aie usi*d on rural j'oads. Le'ss than 
onothird of tlu* total roads in India is met.allet!. 
and only 18% of the mik'age of metalled roads 
is prt)perly sin face*ei for motor traffic. Bulloe;k 
caits proviele the only nu'ans available* for trans- 
porting agricultui’al produce from ru.al areas to 
marke'ting ce'Utivs. In fai.’t, eve*ry ton of agricul- 
tinal produce must be* transported by cait in the 
first stage of tlie je)inne*y ii i e.'-.pe'ctive* e>f the ulti- 
mate destination oi- the Ivpe i>\‘ tiansport useeJ in 
the e:nd stage. The* carl is u.sed akso for Ira ispoil- 
ing water, manure, etc., essential for agricultural 
operations. 

Bulk)ck e*ails possess Sf*ve*ial fe*atine*.s which 
have re'ide'ie'd thei. use popular. Th(‘se are: low 
capital and mainle'naiu’e* e*osls, (*i-onomy in 
lunning e)Ve*r distance's up to 7 niik'S, lower loae! 
i'lg line's, and suitability for transpoi ling fragile* 
loads. These advanl.up'^^ nre' even more* evident 
when lubber tyre, are used for the* wheels 
I Mernagh, Rubber Developments, 1949, 2(2), 21]. 

The more c )mmon bullock cai t e-onsists of a 
framework mounte'd ein wooden wlu'e'ls with 
st(_'el tyiv'.s. Tlu* Imbs rotate on axle-trec*s anel 
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arc secured by linch pins. The axle is usually 
attached to the under surface of the spars. 

Raw materials , — The different parts of a cart 
are subject to varying stresses and strains, and a 
selection of woods suitable for each part is neces- 
sary for ensuring working efficiency. In actual 
practice, however, country carts are built from 
whatever wood is available irrespective of its 
suitability. 

A tough wood is essential for the framework. 
The axle should be made of tough and hard wood. 
Different woods are required for making the 
components of the wheel. Thus hubs are subject 
to great stresses, and the wood used should be 
hard enough to prevent the spokes from working 
loose in the mortises in which they are inserted 
in the nave. Straight-grained, strong, and elastic 
timber is necessary for the spokes. The wood 
should bo free from defects and should not warp 
or shrink. The felloes are required to withstand 
crushing loads, and as they are subject to fre- 
quent wetting and drying, the wood required 
should be hard, strong, elastic, and durable. 
Naturally curved or steam-bent timber is best 
suited for felloes. The grain should follow the 
line of the circumference of the wheel as nearly 
as possible. In some parts of India, more espe- 
cially in Madras, Bengal, and Bombay, solid 
wheels made of one piece of wood or of three 
pieces held together by iron tyres are common. 

Shafts and poles are made of split wood, but 
in carts intended solely for transporting goods, 
they arc made of solid timber in the round. The 
wood required for this purpose should be tough, 
clastic, straight-grained, and strong. Bamboos 


are commonly used for buggy shafts, and split 
wood is also popular. The woods suitable for the 
various parts of carts are listed in Table 1. 

Types . — The styles of construction of bullock 
carts and their load capacities vary according to 
local conditions. Wide variations in the dimen- 
sions of wheels are noticeable in different parts of 
the country. The wheels differ as regards their 
diameter, thickness of rim, nature of tyre, number 
and dimensions of spokes, type and size of axle, 
and the nature of the hub. Body designs and 
lengths of chassis al.so vary. In hilly tracts, the 
maximum load permitted is half a ton while in 
flat regions the load may be up to tons. 
Sketches for about 660 wheel types and carts have 
been collected by the Indian Roads Congress. 

The two common types of two-wheeled bullock 
carts are the Spoke type and the Arm type. 
About 75% of the carts arc fitted with spoke type 
wheels and the rest with arm type wheels. The 
spoke type is common in tracts having metalled 
roads which can suffer a narrow tyre. The 
wheels of four-wheeled carts are generally of the 
spoke type, and are tyred by a narrow steel 
strip. The arm types with broad wooden tyred 
wheels, preponderate in alluvial and sandy tracts. 
They are heavy, require more tractive effort, and 
are more expensive to maintain. Table 2 sum- 
marizes the characteristics of the two types of 
wheels [Vagh, J. Indian Roads Congr., 1945, 9 (4), 
49]. ^ . 

Both types of wheels employ hand-made axles 
and bearings. The bearings are made -of mild 
steel, and wear off quickly causing them to be- 
come slack and to wobble. There is no provision 


TATU.K I* 


Purl of the fart CUanicstorislica of the woo<l 


Wood rocornmeiidod or iiHod 


Fi’amowork 

Tough 

Axlo 

Very tough and hard 

Whool hiiba 

Hurd and tough 

Whool spokos 

Strai ght -gra ino< 1, strong, 
and elastic 

Wheel follo(vs 

Hard, strong, elastic, 
and durable 

Shafta and 
poles 

Tough, elastic, straight- 
grained# and strong 
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Orowia tiliopfoUa, ffardwickia binata, Ileritiera tninor, Shorea robuata. 


Acacia arabica, Datbcrgia aiaaoo, D. latlfoUa, Orewia tUiacfolia., 


Anogrdaaua app.. Bamboo, Caaaia glaU'^a, Orewia spp., Thcapcaia jiopulnca. 


♦ Trotter, 200 



TABLE 2.— PARTICULARS 

OJ-’ CART WllKEnS 

Spoke type Arm tyi)e 

Total nuinbor ( lakhs) 

130 

43 

Pre-war cost of construction* (Rs.) 

15—30 

15—35 

Pro-war inaiiitonance cost* (Rs.) 

1-5— 20 

2*3 40 

Avorage lifo (years) 

15—20 (ii) 4—5 

(b) 10— J5 

Wliool diamotor (inches) 

42—00 

42—00 

Woight of each wheol (lb.) 

140—200 

200 275 

Intensity of load (lb. per inoh 

500— SOO 

500—800 


width of tyro) 


*Por wliool (ti) Woodori tyro (b) Stool tyro 


TABLK 3. -NUMBBK OF BULLOCK CAUTS IN INDIA 
( in tlioii8and«i ) 


1919-20 

5,970 

1924-26 

6,810 

1930 

7.809 

19.35 

8.197 

1910 

8,710 

1945 

8,443* 


rolatos to Indian Union 


TABLK 4.— BULLOCK CARTS 


Number 

87,10,000 (0%urbaii; 
94% rural). 

Capital invc«tod 

Rs. 201 cToros (ut 
Rs, 100 per cart 
and Rs. 200 for a 
pair of bullocks). 

Load capaf'ity 

45,00,000 tons (at 
0*75 ton oaoh for 
urban carts, and 
0*50 ten each for 
rural carts)* 

Milos travollod por annum 

50,300 lakhs ( nt 
3,600 milos for 
urban and .^00 
milos for rural 

cartS; 


* An urban cart liandlos about 1 1 timos as much tonnago 
as a rural cart (Vosugnr, Proc, Indian Roods Conor:, 
1943, 8, 1H5). 


for proper lubrication. 

Table 3 gives the total number of bullock carts 
in India (Basic Road Statistics of India, 1948- 
1949, 30). 

Bullock carts handle about the same tonnage 
of goods as Indian railways. In numbers, capi- 
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tal invested, load carried, and miles travelled, 
carts play a considerably more important part in 
the country’s economy than motor lorries (Vagh, 
loc. cit.). 

Table 4 incorporates a few data relating to 
bullock carts in India (Vagh, loc. cit.). 

Improvements . — The requirements of a wheel 
for road service are: (1) ability to move with 
the least tractive effort, and (2) ability to meet 
normal conditions for transport with the least 
damage to road surface. As the normal bullock 
cart wheel does not satisfy these requirements, 
improved designs have been suggested and tested. 
Wheels with (1) hand-made axle and mild steel 
bearings, and (2) lathe-turned axles and cast iron 
bearings and fixtures for llexibility and self-align- 
ment, were tested for tractive effort as well as for 
damage to various types of road surface — cement- 
concrete, W. B. Macadam, earth road, and field 
track — with a view to laying down standards for 
various parts of the country [Vagh, J. Indian 
Roads Congr., 1949, 13(2), 181]. 

It has been suggested that as a first measure 
the wheels now in use may be modified by reduc- 
ing their diameter and increasing the tyre width. 
Keeping the tractive effort and weight and cons- 
truction of the wheel the same as those of the 
present ones, the tests have rov(»aled that: 

(1) in place of the present rural spoke type 
wheels ranging in diameter from 42 in. to 48 in. x 
2 in. wide, a 36 in. x32 in. wheel may be employed; 

(2) in place of the urban spoke type wheels 
ranging in diameter from 54 in. to 66 in. x2 in. 
tyre, a 48 in. x4 in wheel may be employed; and 

(3) in the ease of arm type wheels, a wheel 
with a tyre width of 4^, in.— 5 in. and a wheel 
diameter of 36 in. -48 in. according to the weight 
of wheels may be employed. The proposed wheels 
will have* a steel tyre on the full width of the 
felloe so that the latt('r will not wear out. 

It has also been suggested that after the first 
stage of development, the existing axles and 
bearings should be replaced by lathe-turned axles 
and cast iron bearings which will further reduce 
the tractive effort and thus prolong the life of 
bullocks and the useful period of their service. 
Also, fixtures for flexibility and self-alignment 
may be pi ovided in the interest of roads. A new 
light wooden hub has been designed, which can be 
employed with either hand-made axles and M.S. 
bearings or with lathe-turned axles and cast iron 
bearings. 

Bullock carts are now being fitted with pneu- 
matic tyres. The tyred wheel is fixed at both ends 
of the hub and is, therefore, properly position- 
ed. The bearing is durable and provision is 
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made for lubrication. Due to the greater area of 
contact between the road and the tyie, and conse- 
quent lower load per sq. in. on the road surface, 
damage to roads is minimized, and economy in 
the making and maintenance of roads is rendered 
possible. The Central P.W.D. has estimated that 
the destructive effect of steel-tyred carts on roads 
amounts to Rs. 228 per year per mile (Roberts & 
Kartar Singh, 110). Pneumatic tyred vehicles 
move 15 — 20^/ faster than iron tyred vehicles. An 
animal normally draws half its own weight of 
load when harnessed to a steel-tyred vehicle, 
while with a vehicle provided with pneumatic 
tyres, it can draw twice the load. Carts fitted 
with pneumatic tyres are able to carry 55 mds. of 
sugarcane, as against 25 mds. by ordinary carts, 
and Pusa pattern carts fitted with pneumatic tyres 
are now used by sugar mills all over the' country. 
Refuse carts maintained by municipal corpora- 
tions and municipalities are now providc'd with 
pneumatic tyres; a single bullock is suHicient to 
pull th(? cart while with the older types, a pair 
of bullocks had to be harnessed. Though the 
initial outlay on pn(Himatic tyres is high, their 
use is economical in the long lu.i as the main- 
tenance costs on tyres and vehicles arc reduced. 
Twelve thousand sets of bullock cart pneumatic 
tyres were in use in India in 1936, and the 
number increased to 20,000 in 1939 (Mernagh, loc. 
cit.). 

The pneumatic tyres used for carts are desig- 
nated A.D.V. (A.iimal-drawn vehicle), II.D.V. 
(Horse-drawn vehicle), S.M.V. (Slow-moving 
vehicle), and land tyres. The tyres are 
divided into two categories — low pressure 
tyres for farm work, and high pressure tyres for 
roads. A low pressure tyre has a load capacity 
up to 30 cwt., and operates at 70 lb. inflation. The 
manufacturers supply wheels, bearings (plain, 
ball or loller), axles, and brakes. The use of 
hubs with ball bearings and of steel in the cons- 
truction of the upper part of the cait are other 
improvements which are likely to stabilize the 
bullock cart as a.i integral part of India's agricul- 
tural economy. 

Tongas. — The total number of tongas in the 
cofmtry has been estimated at about 3i lakhs. 
[Vagh, J. Indian Roads Congr., 1948, 12 (4), 10]. 
These vehicles are in use only in urban areas. 
The tonga wheel consists of a lathe-turned axle 
and a machine finished cast iron bearing \ in. 
thick. Lubrication is effected by fixing a grease 
cup at one end of the axle and a grease pocket at 
the other. The Vvheel is fixed at one end of the 
hub between a ] in. steel plate and a projection on 
the bearing. Both the bearing and the steel 


plate arc fixed to the hub, the former with a lug 
and the latter with bolts. A variant of the tonga 
is tht‘ Jutka, also a horse-drawn vehicle found in 
south Indian towns. 

G.C.F. carts. — The following types of carts are 
manufactured in the Gnu Carriage Factory, 
Jubbulpore. 

(1) Ambulance — light, horse-drawn; 

(2) Hand; 

(3) Bullock-drawn; 

(4) Water tank; and 

(5) Transport. 

The first 3 types are mostly of wood construc- 
tion; only the axle-tree and fittings are of metal. 
The other two types are rnadi? almost entirely 
of steel, only the draught pole, driver .seat, a.id 
spokes and felloes of wheels being made of wood. 

The water tank cart is designed to carry 118 
gal. of water. The tank is supported on saddle 
bands fitted to the intermediate cioss-rails of the 
body frame. Provision is made for the filling 
equipment consisting of an adapter pump, deli- 
very hose, a chamber for clarifying powder, filti?r 
for clarification, cylinder, differential pump, and 
straini'r hose. The body consists of the axle-tree, 
gear brake, frame, draught hook, and props. 
Other parts are the draught poles, swingletrce, 
and wheels. 

The body of the transport cart is built of angle 
steel and cross strips forming the bottom and the 
sidc^s. The summer is made of two angles riveted 
together. A transom strengthened by gusset 
plates in the cornc'is is riveted to the stay angle 
sight sides; this supports the body on' the axle- 
tree to which the side plates a.e attached by a 
band and two bolts wdth nuts. The transpoit 
cart is draw a by two mules and its tare weight 
with draft fittings is 6i cwt. 

Gun Carriages. The principal raw materials 
required in the manufacture of gun carriages are 
nickel or carbon steels (supplied by The Metal and 
Steel Factory. Ishapore, and The Tata Iron & 
Steel Co. Ltd.), gun metal bars for non-ferrous 
items (cast in the G.C.F. Factory), and extruded 
non-ferrous metal bars (supplied by the Ordnance 
Factory. Katni). 

Carriages for howitzers together with their 
trailers, carriages for light and heavy anti-tank 
guns, and carriages for medium and heavy anti- 
.Hircraft guns, etc., are the items manufactured 
and repaired at the Gun Carriage Factory, Jub- 
bulpore. The carriages arc built in two portions, 
-super-structure and basic structure. The 
.super-structure provides for the movement of the 
gun in action — recoil and run out, elevation and 
depression, and top traverse. The parts permit- 
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ling these movements aie the* ciadle, the carriage 
body, and the saddle. 

Th(' basic structure? provides a slc'ady support 
for the gun in action and for transporting the 
gun from place to place. The parts of the struc- 
ture which perform these functions are the trail, 
the axle-tree, and the wheels. The trailer, con- 
sisting of the ammunition box, under-carriage, 
axle-tree?, springs, perch, prop, wheels and brake, 
is designed to carry ammunition and stores. 

Approximately 1,000 skilled and semi-skilled 
workers, and 300 unskilled workers are normally 
engaged in the manufacture of carriages at the 
Gun Carriage Factory, Jubbulpore. 

Trade . — Table 5 gives the value of annual im- 
ports of carts and carriages (not mechanically 
propelled) into India. 

CELLULOID 

Celluloid reprc’sents on(’ of the successful 
efforts of the chemist to produce synthetic substi- 
tutes for natural materials used in industry. A 
process for its commercial production was worked 
out by the Hyatt brothers in the United Slates 
in !«()’«. 

Rxno materials.- -The law materials required 
for the manufacture of celluloid are: cotton 
linters or wood cellulose, nitric acid, sulphuric 
acid, ethyl alcohol or other solvent, camphor or 
other plasticizer, and pigments. The most im- 
portant of these is cellulose from cotton linters. 
More recently, refined wood pulp has been em- 
ployed. The principal source of cotton linters is 
U.S.A., and the material is available either as 
raw linters or as standard purified product (Che- 
mical Cotton). The production anci standardiza- 
tion of Indian cotton linters for use in plastics are 
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engaging the attention of the Indian Central 
Cotton Committee. 

Manufacture . — The manufacture of celluloid 
may be conveniently divided into 3 stages, viz., 
preparation of nitrocellulose; plasticization of 
nitrocellulose with camphor; and the working of 
raw celluloid into finished aiticles. 

Preparation of Nitrocellulose . — Cotton linters 
are purifu.‘d, bleached, and graded. They are 
then treated under controlled conditions in 
a nitrating bath containing 58 — sulphuric 
acid and 20 23% nitric acid (Thorpe, II, 
443). Tlu' proportion of water to acids in the 
bath determines the degree of nitration of cellu- 
lose. This is expresst?d in terms of per cent nitro- 
gen and the percentage considered best for 
celluloid manulacture is 10-7 11-1. Commercial 

nitrocellulose, also called Nitiocotton is graded 
on the basis of nitrogen content or viscosity. 
In recent years, processes have bc?cn worked out 
for the production of stable niti’ocellulose by 
vapour-phase nitration in which esterification of 
cellulose' is accomplisht'd by treatment with nitric 
acid vapour under rc'duced pressure (Rep. Procjr. 
appl. CJiem., 194(), 31 . 390). 

In the mechanical nitration process, now uni- 
versally employed, cotton linters are stirred into 
the acid mixture in stainless st(7el vessels (nitra- 
tors or dippers) und(?r controlled temperature. 
Th(' nitrated product is discharged into centri- 
fuges and the nitrating acid spun out. The 
fibrous cake obtained is stirred up with water and 
then boiled in a vat and thoroughly washed 
with water. The boiling piocess reduces the 
acid content of the pulp to about ()*1%. The 
product is bleached with hypochlorite solution 
and excess moisture removed by centrifuging. 
The wet fibrous cake thus obtained is treated with 
ethanol to reduce the moisture contc'nt. The 
alcohol is percolated through th(‘ cake, either in 
hydraulically operated tiller presses or in centri- 
fuges. 

Nitrocellulos(' produced in this manner retains 
the original fibrous structure' and is safe to 
handle. Two grades are in use for the produc- 
tio.i of plastics, celluloid cotton, containing about 
10-8% N, and collodion cotton, containing 11-9 
12-2% N. The first grade is soluble in an alcoholic 
solution of camphor, while collodion cotton 
is soluble in ether-alcohol mixtures. 

Preparation of Celluloid . — The plasticization of 
nitiocellulose is invariably carried out with 
camphor. Celluloid is in fact a nitrocellulose- 
camphor compound. Thi' lU'xibility, hardness, 
waR'i* and weath('i‘ resistance, inflammability, and 
other properties of the plastic, can be varied ' 
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between wide limits by modifying the amount of 
plasticizer employed. 

For the manufacture of the flexible nitrocellu- 
lose film bases, thi? nitration is controlled to give 
a product with ll-5-12-2'/r N (Thorpe, II, 447). 
The product should have a medium viscosity and 
it should bo colourless. The nitrated product is 
centrifuged, washed with dilute alkaline carbo- 
nate or bicarbonate to remove the last traces of 
acid, bleached, and thoroughly washed again. It 
is formed into cakes and pressed, and stored wet 
till required for use. 

The preparation of the plastic solution is rela- 
tively simple. Dilute solutions of nitrocellulose, 
plasticizer, and solvent are prepared in mixers 
with suitable stirring gear, and suspended impuri- 
ties are removed by filtration at pressures up to 
100 Ib./sq. in. A dough-like mass is obtained by 
reducing the proportion of solvent and working 
up in mixers of the Werner-Pfieiderer type. It 
is filtered under high pressure through wire gauze 
and cambric in hydraulic presses. The plastic 
mass emerges from the filter in long rough cylin- 
drical rods. The volatile solvent present in the 
material is removed by repeated working on 
heated rolls when it emerges in the form of rough 
thick sheets or hides. 

For the production of sheets, the hides are 
piled, trimmed to standard size (55 in. x22 in.), 
and pressed in hydraulic presses under high pres- 
sure and temperature for several hours. Where 
decorative effects such as tortoise-shell or pearl 
are required, hides of varying colours are used 
according to a carefully worked out scheme to 
make up the block. The finished rectangular 
block (usually 55 in. x 22 in. x 6 in.) is transferred 
to the slicing machine in which it is made to 
pass under a fixed inclined knife, and with 
each forward movement of the block a sheet of 
the required thickness is removed. The knife is 
automatically lowered at the end of each stroke 
ready to give the next cut, and on each cutting 
stroke a sheet is shaved from the block. 
The sliced sheets still contain a small amount 
of volatile solvent which is removed by hanging 
the sheets over seasoning stoves in which the tem- 
perature is controlled. 

The sheet produced in this way bears on its 
surfaces the marks and irregularities of the 
cutting knife, and these are removed by subject- 
ing it to heat and pressure between sheets of 
polished stainless steel or nickel, in a multi- 
plat ten press. Dec<u-ative or clear sheets varying 
from 5 mil. to 250 mil. or more in thickness are 
produced in this way. Thinner films such as 


those used in the photographic industry require 
special processing. 

For the production of rods and tubes the mate- 
rial in the form of partially seasoned chips is fed 
into an extrusion machine which ejects it in the 
form of a rod or solid section, or round a mandrel 
to form tubular sections. Tubes such as those re- 
quired for barrels of fountain pens are produced 
from cut sheet by spiral winding. 

Powders for injection and compression-mould- 
ing are prepared from dried chips. Commercial 
moulding powders are supplied in ground form of 
standard grain sizes. 

Properties and Uses. — Untinted celluloid is a 
faint yellow, transparent, and tough colloid. The 
specific gravity varies, according to the camphor 
content, from 1-35 to 1*8 or more. It is thermo- 
plastic, softening at a temperature of 80°. It 
can be moulded solid or hollow, sawn, turned, or 
drilled. It is resistant to water, moderately 
strong acid solutions, weak alkalies in the cold, 
and practically all salt solutions. It is softened 
by acetone, amyl acetate, and generally by carbo- 
xylic acid esters of low molecular weight, espe- 
cially when mixed with alcohol. 

The industrial applications of celluloid include: 
(1) manufacture of articles of domestic use, such 
as knife handles, hair pins, spectacle frames, 
watch cases, buttons, pipes, mouth pieces, ash 
trays, and soap cases; (2) manufacture of fancy 
ware, such as brooches, bracelets, ear rings, imita- 
tion ivory products, handles lor sticks and umb- 
rellas, billiard balls, dolls and toys; (3) rpanufac- 
ture of emery discs, packing rings, tubes, valves, 
pistons, etc.; (4) manufacture of varnishes for 
protecting metals from rust and oxidation, and 
waterproof fabrics; and (5) manufacture of cine- 
matograph films. 

The Indian Industry 

Cotton linters required for the manufacture of 
celluloid arc available in India. The production 
of linters before World War II was estimated at 
about 15,000 bales of 400 lb. each (Rep. Panel on 
Paper, Pulp, Board & Chemical Industries, 1946, 
26). Sulphuric and nitric acids are available in 
sufficient quantities. Camphor has to be imported. 

Trials have been carried out by The Calcutta 
Celluloid Works Ltd. for the manufacture of 
celluloid sheets. Actual production has not been 
started. Cellulose nitrate has been produced at 
the Cordite Factory, Aravankadu [J. & S. Bull, 
1949, 2(2), 19]. 

The first factory for manufacturing moulded 
celluloid articles was started in 1926 at Jessore 
(Eastern Pakistan). Other factories followed and 
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prior to World War II, moulded celluloid articles 
for domestic use, and a variety of luxury articles 
were being produced from raw celluloid sheets 
and rods imported from abroad. 

Production & Trade . — During the pre-War years, 
the 4 principal factories in Bengal produced 
annually goods worth Rs. 1,62,500 (Rep. Bengal 
Industr. Sun). Comm., 1947, 128). The articles had 
a ready market in the country; a small quantity 
was exported to Burma, Straits Settlements, and 
South Africa. With the outbreak of World War 
II, imports of celluloid sheets stopped, and the 
production of moulded products was almost com- 
pletely suspended. 

A large variety of celluloid goods were being 
imported from Japan and Germany before the 
War. These included dolls, bangles, combs, films, 
spectacle frames, hair pins, tooth brushes, soap 
and powder boxes, stick and umbrella handles, 
mirror frames, cigarette cases, blotters, reeds 
(harmonium, organ, etc.), razor handles, knife 
handles, clips, containers for toilet requisites, and 
other small items. 

The quantity and value of celluloid articles 
imported into India are not separately shown in 
published trade returns; they are recorded in 
import trade statistics according to the nature of 
the articles. Thus celluloid cigarette holders are 
grouped under smokers’ requisites of all kinds; 
celluloid toys, with toys of all kinds, and so on. 
From the figures supplied by the customs offices 
it was estimated that India imported annually 
more than Rs. 160 lakhs worth of celluloid goods 
before tlie War (Rep. Bengal Industr. Surv. 
Comm., 1947, 128). The production in India 
hardly meets 2% of the internal demand for 
these goods. 

Table 1 gives the imports of articles of celluloid 
and like materials from U.K. 
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TABLE 2. IMBORTS OF RAW CIXEMA TOGKAI’H FILM 

Qty. 

(LengtU in Inkh it.) 


19;i4/3n-103S/30 (nv.) 676. 6 

1939/10.1013/11 (nv.) 821 .5 

1044-4.5 S72.1 

1945-46 80S. 9 

946-47 1,286.2 

1947- 48 1,742.0 

1948- 49 1,564.2 

1949- 50 1,787.5 


In addition to the above, considerable quanti- 
ties of celluloid are imported in the form of raw 
cinematograph film. Cellulose nitrate base film 
is resistant to curling under high humidities, and 
its toughness enables reels to be run through the 
drive notches without breaking. Cellulose acetate 
base films are used only for certain special pur- 
poses, e.g., safety films and films for home use. 

Tabic 2 gives imports of raw cinematograph 
films into India. 

A large amount of celluloid is also imported as 
photographic films and film packs, statistics for 
which are not available. 

There is a good future for the celluloid industry 
in India. The Panel on Plastics and Celluloid 
Industry recommended the setting up of one 
factory capable of manufacturing 50 million sq. 
ft. of raw film of all types (motion picture, photo- 
graphic, graphic art, and X-ray) per annum. The 
Government of India has recently sought the co- 
operation of a Swiss group of manufacturers for 
the production of raw films in India. The produc- 
tion capacity of the factory, which will be locat- 
ed in Mysore near Krishnarajasagara, is 19 million 
.sq. ft. of raw lilrn per year. 

CEMENT, PORTLAND 

The term cement covers a wide variety of 
materials but in practice it is applied to struc- 
tural cements used for building construction and 
other civil engineering purposes. Tlu' most im- 
portant cement belonging to this class is Port- 
land Cement, a fiac grayish powder, formed by 
intimately mixing together calcareous and argil- 
laceous and/or other silica, alumina, and iron 
oxide bearing materials, and roasting the mix- 
ture to form a clinker, The clinker is ground to 
a fine powder after adding a small amount of 
gypsum. 

When cement is mixed with water, it sets to a 
hard mass of great strength. Mixed with sand 
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and aggr(.‘j4ai(', it Inrms n'rnont concrolo. Port- 
land cemonl is superior to any other mortar 
material by virtue of its uniform composition and 
\v(*ll delined pi opin tii-s. In the form of cement 
concrete, it linds application in almost all kinds 
of construction work such as bridges, dams, build- 
ings, roads, aerodrome runways, etc. 

Types of Cement. — Scweral types of Portland 
cement are manu fact uri?d normal or ordinary. 
ra])id hardening, low heat, blast furnace, sulphate 
iesislanl, while, coloured, and sand cernenl;. 
Rapid hardening cement, also called high early 
strength cement, is a supei’ior vaii('ty of cement, 
which attains its minimum strength more r’apidly 
than normal oi’ oi’dinary Portland cement. Low 
heat Portland cement is characterized by its low 
he.it of hydration and is of special value in lire 
construction of dams. Sulphate resistant cement 
is resistant to attack by chemical agents, espe- 
cially sulphate solutions. Portland blast fur*nace 
C(‘ment is obtaiiied by mixing and grinding I\)i-t- 
land cement clinkm* and granulaled blast fui’nace 
slag. This product has pr’opc'rt ies similar' to 
those of Portland cement. Sand cement is made 
by grinding togidlim* Portland cement clinker’ 
anrl si)ecial type's of sand. High alumina C('ment 
dillers fr'om Portland er ruent in having a long 
initial setting time; it lias a high early strength 
and is specially resistant to the action of centain 
clu'micals and the. 

Ordinary Portland cement and rapid har^den- 
ing cement are manufactured in India. Other 
typ(\s ar'e not pr'oduced on a commercial scale. 

llMDIAiN CkMI-NI' InDUSTKV 

The lir’st cement factory in India was started 
in Madias in Pk)4 l;v The South India Industrials 
Ltd. It had a brief existence. Tlu* manufacture 
of Por'tlarid cement on a large scale was started 
in 1914 by The India Cement Co. Ltd.. Purbandar 
(Kathiawar). World War I gave an impetus to 
the industry, and within the next two years, two 
mor-e factories, one at Katni and thi.’ other at 
Lakheii (Huridi), ctminumced pr'oduction. The 
rluec factor ie.-;, wit'n a combined a'mual cajjacily 
of 0415 lakh tons, supplied a. considcMable por t im 
of In(,lia's recjuiierTients during IIk' Gr'eat War*. 

Further ('xpansion followed after the War due 
to tlu' building boom, and sc'veri ni'W iactorie-i 
w('re er'ected durin;; ITTl—Td in i^warka 
(Kathiawar). Japla (Bihar), Mehgatm (Jubbui* 
pore, C.P.), Banmor' (Gwalior), Wah (Punjab). 
Kymore (C.P.), and Sliahbad (Hyder-abad). 
These factoi'ie ; had a total a inual installed capa- 
city of 3-o() lakh tons. The thi*ee War-borii fac- 
tories had doubh'd their' capvitiLS and in ll:lM 
there were altogether' 10 factoric'S with a total 


annual production capacity of 5*81 lakh tons. 

The demand for cement did not keep pace with 
the rising production, and the industry was faced 
with internal price cutting competition. 
Three of the new factories closcrd down; a few 
others incurred heavy losses. As a r’esult of the 
recommendation of the Indian Tariff Board, the 
Government of India imposed a duty on imported 
cement in 1935. The Indian Cement Manufac- 
ture, s’ Association (l.C.M.A.) was established in 
192G, and thr*ough its effor'ts the competition 
among producer’s was halted. The Concrete 
A.s.sociation of India (C.A.I.) earner into being in 
1927, and by providing free technical aid and 
advice it popularized the* use of cement in the 
country. The Cement Marketing Company of 
India Ltd. (C.M.C.l.) was formed in 1930, and it 
took over the control of .sale and distribution of 
cement from alniost all the factories on the 
basis of an agreed system of quotas. These 
diwelopments cK'atod favourable conditions for 
the expansion of the industry. 

The* demand for* cc'rnent gi*ew to such an extent 
that the member companic's of the l.C.M.A. found 
it necessary to establish two new factories -one 
at Madukar’ai (("oirnbatore). and the other at 
Khalari (Bihar). TIu' Madukai’ai factory came 
into production in 1 935-35. 

The quota .systc*m, although .satisfactory in 
many respects, had certain limitatioris, especially 
as I'cgai'ds the ec )n()niic distribution of cenu'nt, 
and it became' evident that a complete co-ordina- 
tion of manufaclur'c* and sale was essential in the 
inteio.^ts of rationalization. A merger* was 
brought about in 1935 and The Associated Ce- 
ment Companies Ltd. (A.C.C.) took over* the busi- 
ru'ss and assets of all the companies then in 
o aeration, only TIu' Son? Valley Cement Co. Ltd.. 
Japla, with a capacity of 15 lakh tons, keeping 
out of the meigc'i*. The A.C.C. was enabled to 
exer’cise almost complete control over produc- 
tion, sales, prici's, and distribution of cement in 
th(' country. By the end of 1935, the A.C.C. had 
under- its jurisdiction, 10 factories — 3 in C.P., 2 
in Kathiawar, and 1 eicii in Gwalior, Hundi, 
Hyde: a’jad, Punjab, and south India - with a com- 
bined capacity of ovc'i' 9 lakh tons per yc'a;-. 

A number of new factories were started from 
1937 onwards — 5 taclories belonging to Dalmia 
gi'oup and located at Dalmianagar (Bihar), 
Shunt irv-igar (Karachi), Dalmiapur*am (Trdchi- 
nopoly), Dandot (Punjab), and Dalmia Dadri 
(Jind), with a combined capacity of 5-5 
lakh tons: one factory at Bezwada, and 4 facto- 
ries belonging to the A.C.C. and located at Rohri 
(Sind), Sur’ajpur (Patiala), Khalari (Bihar), and 
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Rotary kiln for cement manufacture at Dalmiapuram 





Mangalagiri (Madras). The A.C.C. factories at 
Mehgaon and Katni, in the meantime, having 
closed down, the production in that area was 
concemtraU'd at the Kymore Works. In 1939, an 
agreement was reached between the A.C.C. and 
the Dalmia group, and the sale from all the fac- 
tories was taken over by the C.M.C.I. 

When World War II broke out, the Indian 
cement indusliy was well established and wCi' 
organized. The A.C.C. had 12 factories, the 
Dalmia group had 5 factories, and there were 
4 others, viz.. The Sane Valley Portland Cement 
Co. Ltd. (Japla), The Bhadravaii Cement Factory. 
(Bhadravati), Th(? Andhra Cement Co. Ltd. 
(Bezwada), and The Assam Bengal Cement Co. 
Ltd. (Chhatak), (3 of the factories starling 
production in 1940 and 1941). During t ie Wai*, 
The Kalyanpur Lime & Cement Works. Ltd. was 
established; it started production at Banjari 
(Bihar) in May 1.94G. The total capacity of the 
factories at the end of the w^ar w^as 2GT5 lakh tons 
(A.C.C., 17 05; Dalmia group, 5 0; other factories, 
3-5 lakh tons). 

The A.C.C. established a new factory at Jhink- 
|..ini (Chaibasa) in February 1947. With the 
partition of India in August 1947, 5 factories- 
those at Wah, Rohri, Karachi, Dandot, and 
Chhatak— went to Pakistan. There w’ere 18 
factories in India wdth a total installed capacity 
of 21-15 lakh tons pcM’ year (A.C.C., 15-45; Dalmia 
g*oup, 2-9; and othc?r factories. 2-8 lakh to is). 
The total capital invested in the indusliy was 
Rs. 25*8 crores. The two major groups of produ- 
cers — the A.C.C. and the Dalmia gioup — separated 
themselves in March 1948. 

A number of new factories and t‘xtensions to 
existing factories were planned in 1945 and an 
ambitious programme w'as drawn up to raise the 
yearly production to G million tons by 1952. 
The programme had to be revised considerably 
owing to the partition of India and the diHicull- 
ies in securing adequate supplies of steel and 
other constructional materials. 

Three new factories, viz., India Cement Ltd.. 
Ta 1 a i y u t hu ( T i nne ve 1 1 y ) , T ra van co re C em ent 
Ltd.. Kottayam, and Shree Digrijay Cemeni Co., 
Seeka (Jamnagar), wdih a total rated capacity 
of 2-5 lakh tons per y(?ar have been recently 
established, and production started in June 1949. 
Extension.-; lo a number of existing plants have 
Oecn completed. The total i isl ailed capacity of 
all the factories in Dec. 1949 was 28-15 lakh tons 
distidbuted as follows: A.C.C.j 18 45; Dalmia 
group, 4*4; and other factories, 5 3 lakh tons. 
Table 1 gives the distribution of the installed 
capacity of the cement industry. 
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Three new factories, one at Sevalia (Bombay), 
belonging to A.C.C. (capacity 2 lakh tons/yr.), 
and tw'o others belonging lo the Dalmia group 
and located at Sawai Madhopur (Jaipur) and 
Mahanadi valley (Ori.ssa), each having a capacity 
of 1-5 lakh tons per year, are expected to com- 
mence production by the end of 1952. Also, a 
Gove.nnuint factory (capacity, 1 lakh tons), may 
come into production at Sindri where cement wdll 
bv. manufactured as a by-product. No other new 
factory is likely to come into production by 1952 
although the Government of U.F. has on hand 
a proposal to establish a cement factory near 
Mirzapur wdth an a niual installed capacity 2 lakh 
tons, and has placed orders for the necessary 
plant and equipment. By 1952, the A.C.C., and 
Dalmia group factories, Andhra Cement Co., and 
Bhadravati Cement Factory are likely to c'xtend 
the capacities ot tlu'ir e.xisting works by anothei 
7-1 lakh tons. This wdll bing the total installed 
capacity of the industry to 41-25 lakh tons (Table 
2). 
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Raw materials . — The raw materials for cement 
manufacture are calcareous and argillaceous 
materials which are found in many places in India 
in the form of limestone and clay or shale. These 
aj‘e mixed in suitable proportions to form the raw 
mix. Calcareous sand or sometimes marl is 
used in the place of limestone. Where cement 
rock, which contains the constituents in the re- 
quired proportions, is available, the addition of 
clay is unnecessary. It is often necessary to add 
small amounts of correction materials such as 
iron ore, laterite, bauxite, and sand, to obtain a 
mixture which on calcination gives a product 
conforming to the specifications. 

The raw mix contains 75—80% calcium carbo- 
nate and matched quantities of silica, aluminia, 
and iron. Alkalies arc objectionable even in 
small proportions, and it is important that the 
raw materials should not contain more than 2 5% 
magnesia. Many Indian limestone deposits con- 
tain high proportions of magnesia and are, there- 
fore, unsuitable for the manufacture of cement. 
It is also not possible to use limestone containing 
less than 75% calcium carbonate except in very 
special cases, and many limestone deposits in 
India are low in calcium carbonate to be useful 
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for cement production. It is possible, in certain 
cases, to process the limestone to reduce the silica 
and raise the carbonate content. 

Limestones suitable for cement manufacture 
occur in several parts of India. Suitable clay and 
shale deposits are found in most parts of India. 

One ton of Portland cement requires c. 1-6 tons 
of limestone and clay, the proportions of the two 
ingredients varying according to their composi- 
tion. As the setting up of a cement works in- 
volves heavy capital outlay, it is essential to 
make sure that sufficient raw materials of the 
desired qualities are available for 30 to 50 years. 

One of the impoitant requirements of the 
cement industry is gypsum ( CnS 04 , 2Ha 0) ; 
the addition of this material to the extent of 
3 — ^5% is necessary to regulate the setting time 
of the product. Anhydrite (CaSO^) may also 
be used. Gypsum is fairly widely distributed in 
India, and is mined in Bika.ier, and in various 
places in south India. Some of the cement fac- 
tories in north India obtain their supplies from 
Pakistan (Khewra and Dandot). 

Large quantities of coal arc required for roast- 
ing the raw materials. The coal is dried, pulveriz- 
ed, and blown into rotary kilns for calcining and 
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sintering Ihe raw mix. The quality of coal 
is of considerable importance as it acts 
to some (‘Xtent as a raw material by enter- 
ing directly into the composition of the 
linished arlicU'. The coal should ignite 
rapidly and should have a high flame tempera- 
ture, a not-too-high ash content, and a suitable 
ash composition. If these conditions are fulfilled 
it is [)os:-;i’olc to use coal of medium grad(\ The 
consumption of coal varies from O-^f) to 0 35 ton, 
per ton of element, depending upon the quality of 
coal and the elllciency of the plant. Most cement 
factories have their own power stations and use 
for this purpo.se 01 015 ton coal per ton of 

cement produced. 

The C(‘ment industry draws its coal supplies 
from I lie coal fields of Rewa, Pench valley, 
Singartmi, cdc., but mostly from the colli(’iies in 
B(‘ngal and Bihar. The total quantity of coal 
requi]’('d to keep the* existing factories in full 
production is approximately 75,000 tons pf‘r 
month. 

(>il can also be u.si'd, and sonU‘ factoi'ies, 
now under const i action, arc* being equipped to 
utilize* both coal and oil for I'oasting and for 
power generation. The con.sumption of oil for 
roasting is about 015 ton per ton of cement. 
One* of the cement plants in Burma uses natural 
gas as fuel. 

Manukacturk 

(\*ment is manufactured either by the wet 
process or the dry process. The former is more 
commonly ernployc’d in India. There are only 
two dry piocess plants in opeiation — one* at Dal- 
mia Dadri (Jind), and the other at Daimiapuiam 
(Trichinopoly), their total rated capacity being 
140-150 thousand tons per year. The latter 
factory is now being enlarged, and equipped with 
machinery for wet processing. 

Wet proeeas . — The clay is tr(*ated in a wash 
mill and made into slurry. If the clay is not 
washable, it is charged into the grinding mill in 
the dry state. Aftt*r a prc'liminary crushing in a 
hammer or other crusher lined with manganese 
steel wearing plates, the limestone is fed into the 
grinding mill, water added, and the material 
ground wc’t to a tliin slip. The mix as it leaves 
the mill consists of finc'ly ground particle's (90 — 
95' f passing through a 170 mesh sic'vc*) and 34 
38'; wafer. 

The grinding mills are cylindrical, lined with 
wear-resistant manganese steel and cast iron 
plates, and divided into two or more compart- 
ments separated by screens. Steel balls of 
various sizes are placed in the compartments for 
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grinding the charge. The mills (gc'nerally, 40 
ft.x8 ft. diam.) are work('d by motors of 500 
1,500 H.P. Foi’ cei tain raw materials, closed cir- 
cuit grinding is advantageous; in this method 
the material is pa.s.sed through a ball mill and a 
separator, and the coarse particles arc* r(*turned 
to the mill for further grinding. A considerable 
saving in power is claimed, but the cost of ins- 
tallation is .somew^hat high. 

The slip from the grinding mill is now pumped 
• nto slurry tanks and stirred up mechanically by 
blowing in air. It is then transferred to storage 
basins and the composition adjusted. The mix is 
next pumped to the inlet end of tlu* rotary kiln 
through a specially designed feeding apparatus, 
and calcined. 

The rotary kiln is a rc'frac^toiy-linod long steel 
tube (usually, 300 ft. lo \gx9 10 ft. diarn.) moun- 
ted on rollers. The tube is mounted in a slightly 
inclined position, and as it rotates (I — 2 r.p.m.) 
the slurry slowly moves to the outlet end. 
Pulverized coal is blown into the kiln from the 
lower end and fired. The water in the slurry 
first evaporates, and when the dried mass reaches 
the central zoni* of the kiln, calcination takes 
place. The free lime produced combines with 
silica, alumina, and iron oxide, and at the high 


temperature obtaining in the kiln, the charge 
sinters into small hard lumps of cement clinker. 
The temperature in the burning zone is 1,400 
1,500 '. It is most essential to keep the tempera- 
ture in the kiln within predetermined limits, as at 
too low a temperature the chemical reactions will 
be incomplete, and at too high a temperature, the 
clinker melts giving a product which would be 
useless. 

For economizing fuel, the kilns are provided 
with devices for improving the heat tra isfer to 
the slurry, and for preheating the air entering the 
kiln by the heat of the clinker as it cools down 
at the lower end of the kiln. Quick cooling as for 
instance by air quenching, in certain cases, im- 
proves the quality of the clinker. 

The heat consumption in the rotary kilns, is 
i.'stimated at 1,450 — 1,600 Cals, per kg. clinker-. 
Part of it is utilized for- llu' evaporation of water 
in the slurry and part for sintering; the rest is 
lost in smoke gases, the clinker, and I’adiation 
from lh(‘ kiln. By minimizing the loss(‘S of heal 
ill the smoke gas('s, it lias now bc'en possible to 
reduce the consumption to 1.600 Cals, pm- kg. 
clinker. 
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Ptaclically all cement kilns in India are pi'ovid- 
ed with clinker eooleis, and tln' ItmiperalUK’ of 
the clinker leaving lire coolms is about 200 250 . 
The clinker is usually stored, aftm- crushing oven-- 
siz('d lumps, if any, for sonu' time iM'foiv final 
grinding. 

The clinker is fed into 11 k‘ cement mill togi'ther 
with gypsum and gj-ound to powdi'r. The grind- 
ing mills are similar to tho.sr* used for- giinding the 
t‘aw mat('rials and contain two or- rnoie compart- 
ments separated by screens and partially filled 
with balls and Cylpebs. A draught of c. 65 mm. 
water is maintained in the mill to allow the 
cement to travel from oru' compaitinenl to an 
other. The emnent is ground such that at l(‘asi 
90% of it passes thr’ough a 170 rnesli sieve; 
usually till' residue left on tlie sieve is 5—6%. 
Ground cement is stor'ed in silos. 

Th(' cement is exti-acti’d from tlu* silos by })neu- 
matic extractors and screw conveyors, and 
packed in bags normally of 112 lb. Jute bags are 
mostly used in India for- packing. A few facto- 
ri(‘S use valve bags. A Bombay tirm has recently 
installed a plant for the manufaetuie of ceini'nl 
paper bags. The A.C.C. is now packing cement 
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in paper bags (24 bags to the ton) as jute bags are 
in short supply. Packing and weighing have been 
mechanised in many factories. 

Dry process . — In the dry process the raw 
materials are mixed in the dry state. The crush- 
ed raw materials are introduced into the grind- 
ing mill, and the ground material (more than 
90Vr passing through 170 mesh) transported, 
u.Sually by pneumatic transport, to storage silos 
where they are mixed and the composition 
adjusted. 

The raw meal is charged into granulating 
drums where it is moistened and formed into 
soft lumps or nodules containing 10 — 12% water, 
and subsequently calcined. The rotary kiln em- 
ployed is either a long tubular kiln similar to 
that employed in the wet process, or the Lepol 
kiln, which consists of an enclosed travelling 
grate followed by a short rotary kiln. The no- 
dules are spread over the slowly travelling grate 
and heated by the hot gases from the rotary kiln. 
The material falls into the rotary kiln where 
sintering and clinker formation take place. The 
clinker thus obtained is treated in the same man- 
ner as in the wet proce.ss. 

In the dry process, the heat necessary for eva- 


porating water from the slurry is economized, and 
the heat consumption is reduced to 1,000 — 1,100 
Cals, per kg. clinker. The process has, however, 
certain drawbacks. Firstly, it is difficult to mix 
the materials thoroughly in the dry state, unless 
efficient power-driven mixers are employed. For 
the drying of the raw materials, a certain amount 
of heat is required, and so also for the removal 
of water deliberately added to the mix for form- 
ing nodules. The plant required for the dry 
process is somewhat more complicated than that 
required for the wet process. For these reasons, 
most cement factories prefer the wet process. 

The power consumption in cement factories 
using the wet process is 100 — 125 kw.-hr. per ton 
of cement. A plant with an output of 300 tons 
per day will therefore require a power installa- 
tion of 2,000 2,500 kw. 

Special Cements . — The procedure for the 
manufacture of rapid hardening cement is the 
same as that for Portland cement. The chemical 
composition of the raw mix is somewhat diffe- 
rent. The lime content is higher, the burning is 
harder, and the cement is more finely ground 
(residue on 170 mesh sieve, < 5%). The product 
is more expensive than Portland cement, and is 
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manufactured only against specific demands. The 
quantity produced is small, and in the period 1st 
August 1947 to 31st July 1948, the A.C.C. group 
produced only 1,113 tons of rapid hardening 
cement (Information from C.M.C.I.). 

Low heat cement and sulphate resistant ce- 
ment are made in the same way as Portland 
cement. The raw mix compositions arc some- 
what different. 

The raw materials required for the manufac- 
ture of white cement are limestone and bauxite. 
They are mixed in suitable proportions, ground, 
and briquetted. The briquettes arc fused or 
melted in reverberatory furnaces, rotary kilns, 
or electric furnaces. The fused product is cooled 
and ground to a fine powder. The production of 
high alumina cement has not been undertaken on 
a commercial scale in India. 

Improved techniques of cement manufacture 
have been developed in Europe. In Germany, 3 
plants are in operation in which roasting is effect- 
ed in travelling grate furnaces of the Dwight 
-Lloyd type. Low grade fuel can be used for iir- 
ing and the cement produced is of good quality. 

One of the far-reaching developments in the 
cement industry is the production of cement from 
raw materials so selected that valuable chemical 
products are obtained in addition to the cement. 
A process for the production of cement and sul- 
phuric acid, developed in Germany, consists in 
calcining a mixture of gypsum, clay, and dried 
coal ground to a fine powder in a rotary kiln. The 
sulphur dioxide produced by the calcination of 
gypsum is utilized for the production of sulphuric 
acid; the residual lime combines with clay giving 
Portland cement. A plant for the production of 
cement and sulphuric acid by this process was 
set up at Leverkusen in 1916; the process is also 
being worked at Dillingham (England) and at 
Miramas (France). A process for the production 
of iron and cement has been developed in Den- 
mark. It consists in heating iron ore together 
with the ingredients of cement in a reducing 
atmosphere in a rotary kiln. The rnetal is tapped 
off in a molten condition and the cement clinker 
forms the slag. 

The Scailles process for the simultaneous pro- 
duction of cement and alumina is a more recent 
development. It consists in (1) kilning a silicc- 
aluminous mixture with lime to form non-satu- 
rated calcium aluminates and dicalcium silicate, 
(2) solubilization of the calcium aluminates in 
dilute alkaline carbonate solution, (3) precipita- 
tion of lime by sodium carbonate, (4) precipita- 
tion of alumina by carbon dioxide which regene- 
rates sodiuni carbonate, and (5) correcting the 
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composition of the residue and re-kilning to obtain 
cement. This process has the special advantage 
that the composition of the cement can be adjusted 
according to requirements (Lafuma, Chem. Age, 
1950, 62, 264). The process can be combmed with 
the cement-cum-sulphuric acid process by using 
gypsum in place of lime. Working trials have 
shown that a self-disintegrating clinker contain- 
ing soluble aluminates is readily obtained. The 
clinker is washed to extract the alumina, and the 
residue with suitable additions is kilned to pro- 
duce Portland cement. There are po.ssibilities of 
adapting this technique to yield cement, alumina, 
and phosphorus or its derivates (Lafuma, loc. 
cit.). 

Testing and Specifications 

The quality of cement is adjudged by mecha- 
nical tests and chemical analysis. Mechnical tests 
include those for the determination of fineness, 
consistency, strength, setting time, and soundness. 
The fineness is determined by sieve analysis. It 
gives an indication of the amount of sand which 
can be mixed with the cement. The determina- 
tion of setting time is important; initial set should 
not occur before the mortar or concrete is placed, 
and delayed hardening causes damage to the ce- 
ment. The setting time is determined with a Vicat 
needle apparatus. The strength is determined by 
a tensile test on briquettes, one sq. in. cross sec- 
tion at the waist, made from a mortar compo.sed 
of 1 part by wt. of cement to 3 parts standard 
cement (18 — 25 B.S. mesh). The soundness test, 
carried out by the Le Chatelier method, deter- 
mines whether or not mortars and coacretes made 
from cement are liable to expansion and there- 
fore to disintegration. The test det(?cts the pre- 
sence of excessive amounts of free calcium oxide 
which may cause deferred expansion due to slow 
slaking (Thorpe, II, 143). 

Portland and other types of cement should con- 
form to British Standard Specifications: B.S.S. 
12: 1947, Portland Cement (Ordinary and Rapid 
Hardening); B.S.S. 915: 1947, High Alumina 

Cement; B.S.S. 1370: 1947, Low Heat Portland 
Cement; B.S.S. 146: 1947, Portland Blast Furnace 
Cement. 

For Portland cement, “the percentage of lime, 
after deduction of that necessary to combine with 
the sulphuric anhydride present, to silica, 
alumina, and iron oxide when calculated by the 
formula : 

CaO 

2*8 SiOjj ALO;, t-0-65 Fe.p^ 
shall not be greater than 102, nor less than 0 66. 
The ratio of the percentage of alumina to that of 
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iron oxide shall be not loss than 0 66. The 
weight of insoluble residue shall not exceed 
TO'f, that of magnesia shall not exceed , and 
the total sulphur content, calculated as SO.,, shall 
not exceed 2-75^v. The total loss on ignition 
shall not exceed 4' i Similar specifications have 
been laid down for other types of cements. 

Other requirements as per B.S.S. for Portland 
and rapid hardening cements are given in Table 
3. 


Experience has shown that in order to produce 
a sound (i.e., a product which will not expand 
after setting) cement and, what is equally import- 
ant, a cement which can be manufactured with- 
out operational difliculties, the various chemical 
constituents should be present in specilied propor- 


tions and the hydraulic modulusf ,, ^ 

ysida ALOy 

t he 1 i m e-s i 1 i ca r a I io t he i ron r a t i c ^ 

and the silica modulus ( ;r ) 

kept within certain narrow limits. Even if 
the ratios are within the permissible range, the 
presence of small amounts of alkalies or sulphur 
renders the raw materials unsuitable for cement 
manufacture. 

Portland cements have llie following rang(' of 
comp.')sit ion : CaO, 60- 67; Si (h, 17- 25; Alj,<),, 
4 -10; Fe 01- 5: MgO, 0 4: SO,. I 0-2-75; 

alkalies, 0-3- 1; loss on ignition, 0 -4S'. The 
cement should not contain any free lime (CaO). 


Table 4 gives the analytical values of Indian 
cements and raw materials. 


Tricalcium silicate (3 CaO.SiOo) present in ce- 
ment influences the hydraulic value and strength. 
Rapid hardening cement contains a higher per- 
centage of tricalcium silicate. Dicalcium silicate 
(2 CaO.SiO.) hydrates slowly, and is responsible 
for the development of the strength in the later 


stages. Other compounds present in cement arc; 
tricalcium aluminate (3 CaO.Al./).,), tctracai- 
cium aluminoferrile (4 CaO.AloO.I- F'*/).,). glass, 
aid magnesia (MgO). Fr(‘e lirm*. alkalies, gyp- 
sum, etc., present in small amounts in cement, 
inlluencc its properties. 

Cement is not usi.*d as such in construction 
work as it is too simsitive to moisture conditions 
and is subject to internal stresses causing crack- 
ing and I’eduction in sti'ength. When mixed with 
sand and stone it is diluted and .stabdizc'd, giving 
a building material par excellence which when 
treated properly continues to gain strength with 
aging without developing cracks. The two forms 
in which cement is used m* :ed with aggregates 
ai’e mortar and concrete. 

Moxtar.s are mixtures of cement and sand or 
other fine aggi'ogates (below 3/16 in. mesh in 
size), and are used mainly for bonding in 
masonry and as a surface covering (as in I'endcr- 
ing and stucco). 

The largest application of cement is in the 
form of CONCRKTE which is a mixture? of cerne'Jit, 
sand (below 3/16 in. mesh size), and coarse aggre- 
gate (above 3/16 in. mesh size), and made into a 
solid mass. The maximum size of coar’se aggre- 
gate varies according to the pur’pose for which 
the concrete is requii’ed; in. oi' li in. is a very 
common size, but for some' purposes it may bo 
limited to A in., while in heavy mass concrete it 
may be as high as 6 in. or even nuire. The 
common proportions for cement, sand, and coai'se 
aggi('gate are: 1:1A:3, 1:2:4, 1:3:6 (Lea, 

LectKre on Cement and Coivrete. London, 1945. 
l-l). Co is used in btrlding work of all 
typ:’S, for heavy engineering struelure.s, roads, 
and lor numerous other purposes. In addition 
to their apDl 'cation in tAlu, huge ouanllties of 
cement find an outlet in the manufacture of con- 
crete products such as blocks, slabs, tiles, etc. 
Concrete has high compressive strength and a 
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TABJ.E 4.— ANALYSIS OK BAW MATERIALS & CEMENT 



Limo.st.ono 

O' 

/O 

Clay 

O' 

/O 

Slurry 

O' 

/O 

(linkor 

O' 

.o 

(Vmoiit 

O' 

/O 

SiOa 

10 -TO 

r»i"» - 1 1 

14im 

2:1 Ti 

2:1 •(» 

FoaOa 

o-oi 

7- 08 

1'27 

.) . >> 

2 19 

AlaOa 

1-89 

17*01 

2 • 90 

(i 1 

5-97 

CaO 

47 

7*o:i 

4:e9S 

00 7 

111 -80 

MgO 

Ml 


1 11 

MO 

1 ‘00 

SOa 





1 - 72 

Lossoa 

;i7-8o 

10-74 

7 

0(12 

O' 71 


relatively low tensile strength. 

Plain concrete resists loads which tend to crush 
it, but it is relatively weak against forces which 
tend to bend it or pull it apart. A particular 
type of concrete which is widely used at prt?sent 
is the rei.iforced concietc in which steel rods or 
heavy wire mesh are used as reinforcement 
around which the concrete is poured. On sett- 
ing, the cement adheres strongly to the reinforce- 
ment and the composite material is able to with- 
stand both high tensile and high compressive 
stresses. 

Production Costs and Prices 

Cement factories are located near the sour- 
ces of raw materials, and the cost of limestone 
and clay is comparatively small. For every ton 
of cement produced, 0-25 - 0*50 ton of coal is 
required, and as it has often to be transported 
over long distances, it is a major item in the 
cost. The cost of coal varies from Rs. 18 — 66 
per ton, depending upon the distance over which 
it has to be conveyed and the means of transport. 
Packing materials also constitute an important 
item in the cost of cement. Labour and stores 
are relatively minor items. 

In computing the final cost of cement, trans- 
port of the fini.shed product has to be taken into 
consideration. The location of the factory is 
thus a decisive factor in the economy of produc- 
tion. Factories located near the consumers’ 
markets and coal deposits have many advantages. 

The average all-India manufacturing cost of 
cement during the period 1948 and 1948-49 was 
about Rs. 54 per ton ex factory. The minimum 
cost was Rs. 45 per ton and the maximum cost 
was Rs. 82 per ton. The average cost of the 
A.C.C. factories was Rs. 51-5 per ton. One of the 
most important factors responsible for this wide 
divergence in cost of manufacture is the freight 
on coal. 

There was no fixed or all-India price for 
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cement until 1937 when attempts weie initial- 
ed to organize the industry on a planned basis. 
There was, however, a gradual fall from Rs. 52 
66 per ton i;i 1930 to Rs. 37 55 per ton 
in 1937. The average prices during the period 
1929-30, 1930-31, 1933-34, and 1935-36 were 

respectively Rs. 5412, Hs. 51 30, Rs. 49 74, and 
Rs. 45. 

With the entry of Dalrnia cement into the mar- 
ket in 1938, there was serious competition be- 
tween the A.C.C. and Dalrnia group with conse- 
quent price cutting, and the prices fluctuated 
between Rs. 26 and Rs. 47-5 per ton during the 
years 1938 1940. The prices were stabilized in 

1941 as a result of thi? agreement between the 
two groups to .sell the product tlirough tiie 
Cement Maiketing Company of India, Ltd. The 
price range was Rs. 37- 46-5 in 1941, and Rs. 
40 -46-5 in 1942. 

With the imposition of control on ci'ment in 
August 1942, the price of cement is being fixed 
by Government in consultation with the industry, 
and a uniform price obtains throughout the 
country, though there has been a steady rise in 
price due to increase in the prices of coal and 
jute bags, and in labour and transport charges. 
From Rs. 48 per ton in Dec. 1942, the prici* rose 
to Rs. 87 5 per ton in Dec. 19-17. Since Aug. 15, 

1948 it is Rs. 82 5 per ton f.o.r. destination. The 
price of cement produced by new factories has 
been fixed at Rs. 90 per ton with effect from .July 

1949 for a period of one year in ordt?r to give 
them initial a.ssi.stance. 

Markets . — The principal markets foi* cmnent in 
India are located in the Calcutta area, receiving 
supplies from Bihar factories, and Bombay and 
Gujarat areas, supplied by factories located at 
Shahbad, Lakheu i, and in the west coast. Punjab, 
U.P., and Madras areas die also large cf)nsumers. 
The consumption of cement in Rajputana, 
Madhya Pradesh, Deccan and in the north cast 
region is compai atively small. 

Production and Trade 

The production of cement in India, which was 
945 tons in 1914, incrcasc'd to 87,000 tons by 1919. 
In 1937-38, the production was 1-2 million tons, 
and i.i 1938-39, 1-5 .million tons. Table 5 gives 
the production of Portland cement in India for 
the period 1939-40 to 1949-50. 

During the War years, the Government of 
India instituted control over the production and 
distribution of cement. In March 1948, \he 
system of distribution was revised. The avail- 
able cemi*nt is now divided into two (|Uotas — the 
Central quota and the StaU's (|Uota. The Ci'ntral 
quota is operated by regional honorary cement 
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advisors of the six ro^ions, viz., Delhi, Kanpur, 
Bengal, Madras, Coimbatore, aad Bombay. The 
remaining quota is distributed through controllers 
of dillerenl States who receive allotments from 
llio Centi e. 

Imports.- -Prior to 1914, India imported rela- 
tively large quantities of Portland cement, the 
quantity imported in 1914-1«5 amounting to 144,972 
tons. In 1918-19, the quantity imported was 
only 27,177 tons. la the years between the 
two Wars, the imports tluctuated between 183,2()8 
tons in 1922-28 and 15,918 tons in 1988-39. During 
World War IT, there was no import of cement for 
civilian use. Small quantities of cement were 
being occasionally imported into India after the 
War, but since August 25, 1949, imports of cement 
under Open General license have been sloppi*d, 
and imports are restricted to quantities included 
in Trade Agifements \1. & S. Bull. 1949, 2(4), 89]. 

Table 6 gives imports of Portland cement into 
India. 
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The demand for cement has increased recently 
and the A.C.C. and Dalmia group have been 
permitted to import cement produced in their 
factories in Pakistan. 

Exports . — A few of the Indian cement facto- 
ries have a location favourable for export, and 
considerable amounts were being exported in 
pre-war years from Dwarka Cevip.nt Works at 
Port Okha, mainly to Persia, Ceylon, Indonesia, 
and Malaya. The annual export was 20,000 tons 
in the years preceding the War, and 2,50,000 tons 
in 1942. Exports have now completely ceased 
owing to higli internal demand. 

The consumption of cement in India was 6—7 
lb. per capita in 1938; it rose to 10 -11 lb. in 1944. 
The per capita figure is still low in comparison 
with the corresponding figures in western coun- 
trii^s; in U.K., the per capita consumption in 
1986 was 300 lb. |7. & S. Bull.. 1948, 1 (2), 18]. 

CERAMICS— POTTERY 

The term ceramics was originally applied to 
pottery; its scope has now been broadened to 
include “all products fashioned from silicates or 
oxidc'S and rendered durable in form and compo- 
sition by a heat treatment applied at some stage 
of the process'’ (Barringer, Bull. Amer. cerain. 
Soc.. 1,989, 18 , 276). 

The principal types of pottery articles are: 
table-ware or crockery, other types of white ware, 
sanitary ware, decorative and artistic ware, and 
industrial ware. Crockery may be porous earthen- 
ware, vitreous porcelain, bone china, and some- 
times, stoneware. Hotel china is made from the 
best porcelain. Sanitary ware is made of vitre- 
ous stone waic and porous earthenware. Labor- 
atory articles are. made of chemical porcelain. 
Chemical or acid-proof sto.ieware is used in pro- 
cess industries. 

Earthenware is opaque and hard enough to 
withstand ordinary usage; it has a porous body 
and can be glazed. Coarse earthenware articles — 
jugs. Jars, basins, kitchen utensils, etc., — both 
glazed and unglazed, are common in the rural 
parts of India. Fine earthenware is stronger but 
not .so strong as stone- or porcelain ware. It has 
an almost white body and is fairly porous. Glazed 
earthenware is used for all kinds of table- and 
toilet ware, and for some types of sanitary 
articles. 

Stoneware has a dense vitrified body consisting 
essentially of a skeleton of unfused material, all 
the pores and interstices being largely filled by 
molten glass (Searle, III, 221). It is almost imper- 
vious to w'ater, hard and opaque with a conchoidal 
fracture, and resistant to heat and strong acids. 
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On account of the plastic nature of the clay used, 
stoneware can be made in laiger sizes tlian porce- 
lain, and the process of manufacture is simple. 

Coarse stoneware has a coloured body. Many 
types of sanitary articles and domestic ware such 
as pickle and jam jai s. jugs, tea-pots, ink-pots, etc., 
are of stoneware. B^ine stoneware has a light- 
coloured body, suitable* for artistic and deco^ativ ' 
work. Chemical stoneware such as tanks, jars, 
vats, etc., form a special variety of line stoneware 
with high mechanical strength and lesistarice to 
thermal shock. 

Drain or sewer pipes are particular typts oL 
stoneware with 5% (maximum) porosity (Wood, 
Trans, cermn. Soc., 34, 269). The manu- 

facture of drain pipes is a specialized branch of 
the ceramic industry. 

Porcelain has a dense, highly vitreous, white 
body. Hard porcedain consists of a skeleton of 
felted mass of microscopic mullite crystals em- 
bedded in a felspathic glassy matrix logedher with 
some grains of quartz, and is translucent. It is 
used for table-ware. Chemical porcelain is a 
special foi rn of hard porcelain used for laboratory 
work. Electric porcelain used for insulators, 
switches, and (Uher electrical appliances, possesses 
high mechanical strength, re.sislance to thermal 
shock, and dielectric properties. 

China-ware or Bone china is a special kind of 
soft porcelain. It has a transluccmt vitrified body 
with a milky white appearance rc.'sembling alabas- 
ter. The translucency is diu' to the use of bone 
ash as a fluxing agent. It is superioi' to domestic 
eai't hen ware in hardness, and is extensively used 
in England for the manufacture of high (iuality 
table-ware. 

For high tension (H.T.) and low tension (L.T.) 
electric insulation and electrical fittings, porcelain 
and stoneware are employed. Glazed fireclay in- 
sulators are used for L.T. insulation, and steatite 
porcelain insulators are requiied wherever high 
voltages are involved. Eh'ctrical purcefiain antt 
stoneware with sillimanite body are emplovKi foi’ 
ILT. insulators. 

Tut: Indian Industry 

Pottery is one of the most important vdlage 
industries in India and there is hardly a village 
which does not have its own potter, or Kumhar, 
who employs the traditional techniques in making 
a large variety of vessels requu*ed for domestic 
use. Any locally available plastic clay forms the 
raw material for his work. The clay is sometimes 
mixed with non-plastic earth or spent wood ashi's 
or cow dung and kneaded by treading. Thf mix- 
ture is passed through bamboo sieves and aged for 
about two weeks for ‘souring’ with kneadings aL 
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short intervals. The article is shaped on the 
potter’s wheel. For large articles, a crude pot 
with the required mouth-size is first made on the 
wheel: it is removed for drying from the main 
clay mass by cutting with a thread or wire and 
partially dried in the sun. The final shape is 
given by boating on a round polished stone with a 
slab of wood. The articles are burnt in crude 
kilns. The locally availabli* fuel is stacked in the 
kiln, the articles aie arrangc'd ora* upon the oth(M’, 
and the spacings clo.scd with fuel. The upper part 
of the stack is covered with a layer of clay and 
the bottom is provided witli a number of openings 
for firing. Once it is ignited it is aIlow(*d to ’ourn 
freely. The kilned goods comprise over-burnt to 
under-burnt articles. The products are not 
usually glazed. 

Art pottery . — Artistic pottery is made through- 
out the country on a cottage industry scale. The 
wares are shaped on the potter’s wheel by throw- 
ing, or by pre.ssing in clay moulds. Important 
among Indian art pottery are the red-glazed 
pottery of Dinapore, black and silver pottery of 
Surajgarh (Bhagalpur), imitation bidri of Patna 
and Surat, pai.ited and gilded potteiy of Kotah 
and Amroha (Rajputana). glazed and unglazed 
piessed potteiy of Madras and glazed pottery of 
Punjab (Das Gupta, Prospect of Pottery Industry 
VI BenpaU 1940, Indvstrial Survey Lecture Series 
No. 8, 10). 

Chunar pottery (vases and toys) are fired at 
about 800 ’ and coaled with glaze. Lead glaze or 
leadless glaze made from bottle glass and borax, 
is employed. The coaled articles are fired at 
about 700 [Rose & Datar, J. Indian cerain. Soc., 
1932, 4(2), 28]. 

Glazed faience pottery is produced in Khurja. 
Khurja articles comprise (lower pots and vases 
with floral d(*signs, water jugs, powder pots, 
plates, and tea-pots. The patterns and paintings 
an* of Indo-Persian character; blue and grei'ii 
coloui's are imparled by cobalt salts and copper 
oxidt'S in a highly alkaline* glaze of soda glass. 
The designs are painti'd by hand on dried articles 
or on a white* ('ngobe which is applied before bak- 
ing-in ceramic colours, coatt*d with a thick coating 
of transparent blue, green, yellow, red, or dark red 
glaze, and finallv baked in a kiln. The tran.s- 
parent glaze shows the ‘multi-coloured decorations 
on a white background. 

Nizamabad pottery is famous for its lightness 
and shining black base. The surface is rendenxl 
so smooth and polished that the fired ware shines 
without any glazing. The articles are decorated 
with designs engraved on the surface and filled 
with tin or U'ad amalgam. The neat designs and 
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Fig. 18.— Khurja art pottery 

exquisite workmanship of Lucknow art pottery The curtailment of imports during World War 
are comparable to some of the best art potteries IT served as a fillip to the Indian industry and 
of the world. several small factories came into existence. The 

Dei'>elopme 7 it of Modern Industry,— The earlies* bigger factories expanded production and some of 
pottery factory ma.iufacturing gla/ed vitrifiec them took up the manufacture of crockery and 
articles was established by Messrs. Burn & Co., electric insulators. 

Haniganj, in 1860. The first porcelain factory was There are in all about 40 pottery factories now 

started in 1860 at Patharghatta (Bhagalpur Dt. in India including those producing insulators. 
Bihar) which produced high quality table china. The principal ones are; Bengal Potteries L^d.f 
porcelain, and Paiian ware resembling the pro- Calcutta (crockery and insulators); Gwalior 

ducts of Staffordshire. This factory closed down Potteries, Gwalior and Delhi (earthenware, 

shortly afterwards. The Bengal Potteries, Ltd., crockery, sanitary ware, and drain pipes); Gov- 
was established in Calcutta towards the begin- ernment Porcelain Factory, Bangalore (crockery 
ning of the present century. With the growing and insulators); Burn & Co., Raniganj and Jub- 
demand for porcelain and earthenware, other bulpore (drain pipes and sa.nitary ware); Mysore 
factories soon came into exisUmce. Stoneumre Pipes and Potteries Ltd., Bangalore 

The first stoneware factory was started at Than (drain pipes); Parashuram Pottery Works, 
(Kathiawar), thanks to the ('(forts of the Paisa Wankaner, Nazarbagh, and Thanagarh (crockery. 
Fund Institute, Talegaon. The glazed acid jars tiles, sanitary ware, and stoneware); The East 
manufactured at Than proved popular, and to India Distilleries and Sugar Factories Ltd., 
mc' 3 t the expandi.ig market needs, Givalior Ranipet (acid jars); . Jundara Factory, Travancore 
Potteries, Gwalioi and Delhi, and the Bengal (crockery); Hindusthan Potteries Lu Calcutta 
Pott'^ries Ltd., Calcutta, started production of (electrical and sanitary ware); Bihar Potteries 
glazed jars. l td. Ru).narainpur (stoneware pipes, chemical 
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stoneware, and sanitary ware); Prefect Pottery Co. 
Ltd., Jubbulpore (stoneware pipes); Reliance Fire 
Bricks and Pottery Co. Ltd., Jubbulpore (chemical 
stoneware); Bombay Potteries and Tiles Ltd., 
Bombay (earthenware, sanitary ware, and acid- 
proof ware); and Stoneivare Pipes (Madras) Ltd., 
Trivcllore (stoneware pipes). 

Seven new factories are under construction. 
The total installed capacity of the industiy at 
present is 60,000 tons per annum (Information 
from D.G.I. & S.). 

Raw Materials 

The principal raw material of the ceramic 
industry is clay, which consists chielly of hydrous 
aluminium silicate with varying quantities of 
mineral and organic impurities. The properties 
of clay — relative hardness, particle si/e, amount 
and character of mineral impurities, plasticity, 
strength, drying conduct, water content, burning 
conduct and colour, shrinkage during drying, 
tendency to warp and crack, degree and rate of 
vitrification, porosity, texture and ability to take 
surface coatings, e.g., glaze and engobe,S“ largely 
detei'mine the quality of articles produced from 
it. China clays or kaolin and ball clays ai'c prin- 
cipally used. 

Selected and washed china clay is required for 
porcelain. The clay i.s mixed with a large volume 
of water* and the mixtur r? allowed to How through 
a series of tanks and channels to .separate tire 
heavier impurities by settling. The clay held in 
suspension is led into settling tanks, whence it is 
taken out and dried. China clay is mixed with a 
small quantity of more plastic clay, usually ball 
clay, to facilitate moulding and to enhance dry 
stix'ngth. Alkaline, .siliceous, ferruginous, and 
other types of china clay may also be used 
(Searle, I, 202). Alkaline chi.ia clay containing 
up to 5'r alkali is used for ear'thenware, fine 
pottery, and certain types of stonew'are; siliceous 
china clay, containing up to 25% quartz, may be 
used for porcelain; low quality porcelain, .stone- 
ware, and earthenware are made from ferr uginous 
china clay. 

Ball clay is used in the ceramic industr y mainly 
for bonding. It contains iron, titanium, lime, 
magnesia, and alkalies as impurities. It is highly 
plastic and posses.ses strong binding power. The 
bonding property is due to the exti’cme fineness 
of the clay particles and to the pr’esence of oi'ganic 
matter. Ball clay of good quality gives white or 
cream coloured bodies. It cannot be u.sed by it- 
self for pottery as it shrinks and cracks during 
drying. It vitrifies at lower temperatures than 
china clay. Very little ball clay should be u.sed. 
if at all, for cast ware. 


Fluxes are used for aiding vitrification, reducing 
porosity, increasing strength of cold articles, and 
for bonding. The microcline form of potash or 
pota.sh-soda felspar i.s commonly u.sed as flux on 
account of its relative abundance and cheapness 
(Spencer, Trans. Indian cerarn. Soc., 1844, 3, 113). 
Felspar-fluxed wai’e retains shape better than 
W'are fluxed with lime, magnesia, whiting, barium 
oxide, zinc oxide, soda, potash, etc. 

To reduce shrinkage and consequent cracking 
during drying and firing, it is usual to add to the 
clay mixture non-plastic materials, mainly flint 
and quartz. Calcined clay or grog is also some- 
times added. 

Fine earthenware is generally made from white 
burning clays such as ball clay and china clay; 
felspar, flint oi* quartz is added. English line 
earthenware is made from china clay, ball clay. 
Hint and Cornish stone. The burnt aaicle is 
white or pale cream; a small quantity of blue is 
.sometimes added to pioduce a perfectly whiu^ 
body (Searle. I, 343). In Europe, cheap varieties 
of calcari'ous cart h('n ware are manufactured from 
inferior red-burning clays containing iron oxide 
mixed with chalk or finedy ground limestone; the 
material burns white on account of the powerful 
bleaching action of lime upon iron compounds. 

Many types of stoneware are made from a 
single clay. The clay should be suHiciently 
refractory to retain the shape during burning. 
U.ilike fireclay, it should completely vitrify to a 
dense body at a comparatively low temperature 
(1,200 — 1.300 ). It should be suHiciently plastic 
and tough so that it can be shaped, and the shaped 
articles when dry should b(' strong enough to 
withstand handling. Fat clays, moderately rich 
in silica, fiuxes, and alumina, are suitable. They 
should contain finely divided free silica to enable 
the ware to be salt-glazed. The colour of the 
burnt product is not so important. 

Natural clays of the composition: pure clay, 
50; quartz, 45; and felspar, 5% are used for coarse 
stoneware. In thi' absence of suitable natuial 
clays, a mixtuie of fireclay with a fusible clay 
or felspar, or a low giadt? fireclay with suHicient 
iron to act as Hux, may be employed (Searle, 111, 
225). 

For the manufacture of line stonc'ware prodiu'ts, 
a mixture of clay, sand or Hint, and felspar (clay, 
45 50; quartz, 35—40; and felspar, 15' r) is gene- 
rally u.sed. White stoneware is made from china 
a.id ball clays with additions of felspar and silica 
or Hint. The product is similar to porcelain 
except that it is opaque (Wood, loc. cit.). 

For .sewer or drainage pipes, the clay should be 
suHiciently plastic for moulding, and articles 
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made from it should have sullicient strength when 
dry and should not warp or crack during drying 
or burning. It should conlain sullicient finely 
divided quartz so that ar ticles can be salt-glazed. 
Rod- or buff-burning, vilriliable clay mixed with 
sand and grog, or low grade fir eclays, ar(‘ suitable. 
The clays are not usually washed or purified. 

Porcelain is made from china clay and felspar. 
Only washed china clay of selected quality is 
used. A certain amourrt of purified bail clay is 
added for increasing plasticity. Flint or quartz is 
also added. Soft porcelain contains, in addition, 
one of the following: soda, potash, marble, whit- 
ing. 

Highly plastic clays should not be used for hard 
poi'colain. The clay sliould be reduced to sidli- 
cient fineness (about 200 mesh) before use, as 
coarse clay does not mix readily with hdspar. 
Small proportions of calcium carbonate or 
calcium fluor'ide present as impurities in clay and 
felspar, serve as flux. Calcium carbonate reduc(‘S 
firing temperature and duration. Artificial soft 
porcelain is made mainly from silica and flux. 
Steatite porcelain is made fn)m aU atite, china 
clay, felspar, and flint. Steatite may be used by 
itself. 

The raw materials required for ceramics arc 
abundantly available throughout the country. 
The most impor tant deposit of kaolin or china clay 
is in Patharghatta (Bhagalpur Dl.) which is 
worked by the Bengal Potteries Ltd., and used in 
the manufacture of porcelain goods. The clay is 
said to be cornpar‘al)le to English Cornwall clay. 
The clay deposits of Hat Gamar ia (Singlrbhum) 
is of excellent quality, and is suitable for high 
class poi'celain. Mangalhat (Santal Parganas) 
clay, used by Bengal Potteries Ltd., is also of 
good quality. Othi’r localities in Singhbhum in 
which china clay deposits occur arc*: Kashrnandu, 
Katahpai\i, Mahuldia, Telaipi, Pandiasali, Majri, 
Madkumhatu, Metiabandi, Kharhindungri, and 
Dharadih (Misra, Trans. Indian cerain. Sac., 1945, 
4 , 46). Kaolin occurs in Nakum hills in Gwalior*. 
China clay deposits of good quality are found in 
Delhi, Travancore, and Mysor-o. Workable 
deposits also occur in Rajahrnundry, Baroda, and 
Hyderabad. With few exceptions china clays 
obtained in India are of infer ior quality, and some 
factories import Cor nish (English) clay for mixing 
with indigenous clays for the manufactui’e of 
high class poi’celain articles. 

Small quantities of ball clay arc* available at 
Baglata and Kerwali near Than (Bombay) but 
the quantity obtainable is not adequate o nu'c^l 
the needs of the Indian industry. Ball day 
imported from U.K., Germany, Belgium, and 


other countries. Imports arc free of duly. 

Felspar is obtairu:'d from Ajmer. Delhi, Chhind- 
wara, Bhagalpur, and Mihijarn. Mysore and 
Travancore factories obtain thc'ir requirements 
from Holenaisipoie and Trichinopoly iespective- 
ly. Quartz is found all over the country. 

Clays of low fusibility reciuired for salt-glaze*. t 
sewer* pipes and certain sanitary and domestic 
war'c\s are widc‘Iy dislributi’d in the country; the 
more important occurrences are at Juhbuipore, 
Katni (C.P.), Kaniganj (Bengal), Thai Jri. 
(Kathiawar), Mysore, Alleppey (Travancore), anci 
Madras (Crookshank, Rec. gaol. Surv. India, 1941, 
76. Bull. No. 8, 8). Suitabie clays also occur in 
Bikaner*, Rewa, aid ,Iammu. and at Khasi, Garo. 
and Jaintia hills. 

Manufacture 

The raw materials are separately ground and 
mixed. Wet grinding is generally adopted m 
Indian factories. Clays are only blungt.d with 
watt*!' after* preliminary superficial grinding iri an 
c'dge iiinrier mill. F(*lspar is crushed in a jaw 
crusher, dry ground in an c'dge runner mill, and 
gi'ound in ball mills with water*. Quartz or flini 
are calcined before grinding. Generally, 80- 85S 
water is added in wet grinding; a further* 10 - 15% 
is addend for discharging the slurry. 

The gr’ound materials are separately lawned 
through fine sic'ves (100 rnesh or liner*) and passc'd 
through electro-magnetic s(*pai’ator*s lor*, removing 
iron. The clay slip, felspar slurr y, and flint slurry 
ar'c mixed in suitable proportions ir) a bliinger, 
more water being added. The resultant slip is 
lawned again (through 160 mesh sii‘ve) and pa.ssc'd 
through an electro-magnetic separator, stirrod in 



Fifi:. 19. — Electro-magnetic treatment of clay slip 
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Fig. 20. 

a lank, and linally lillcr-prc'ssod. Thu lillur cakes'; 
thus obtained, containing 10 — 30% water, are 
aged for a days to irnpixwe plasticity and to 
ensure even moisture distribution. 

Three processus are in use for sliaping ai tides, 
vi/., plastic shaping (including turning on wheels, 
hand-moulding, and jigguring and jolleying), dry 
pressing in moulds, and casting. Clays of 
different consistencies are requiri.'d for each of 
these processes. A plastic mass is re<iuired for 
the first. Tlie filler cake is kneaded and de-aii('d 
in vacuum pug mills to make it homogeneous 
and more plastic, and the pugs used for plastic 
shaping. The dry process utili/t's filter cakes 
which are remixed with water and passed 
through a disintegrator. 

For casting, the slip is u.sed as such without 
filter pressing. Casting slips may be prepared also 
from filter cakes by pugging, souring, and blung- 
ing with about 35C water and 0-5^ < elect rolyle 
(usually sodium carbonate and sodium silicate). 
The slip is lawned and pas.sed through a magnetic 
separator before use. Trimming wastes obtained 
from throwing and jiggering opi'rations may be 
used in preparing casting slips. 

The throwing process, requires the use of the 


. — Slip house 

.^ potter’s or throw('r's wIk'c'I, and only ai tides of 
circular cross si'ction can be shaped. The wheel 
consists of a hori/ontal disc l igidly attached to the 
top of a v(‘rtical .spindlt* which is rotated mamial- 
* ly or by a motor. A wail ol pugg«'d clay thiown 
above thi? disc is shaped to a cotie by the potter's 
fingers and depri'.ssed, the shaping and desliaping 
being repeated 2 - ;> times lo “.solidiCv" ihi* day 
mass. Any sluny that appears on thi' lop tlie 
cone is removed. The thrower then sha])es the 
article, first by hollowing out thi' day lump with 











Fiff. 21. — Potter’s uiioel 
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Fitf. 22. — Corixontal pug: mill 


his ringers, and lalcr with the help of a tool. 
Lar^c picci‘S are thrown in 2 or 2 sections and 
fasteni'd togetlier by sli}). This process is employ- 
ed for earthenware, stoneware, and large electri- 
cal porcelain insulators. The formed article is 
separatc'd from the disc by running a thin wire 
under it. Tiie *ough shaped ai t ides are finished 
by turning. The smaller and commoner stone- 
ware ai’ticles are finished on the whe('l itself, but 
better class stoneware is finished by tur;iing on 
latlu'S. Wi‘athc'ring and cracking are the principal 
defects in articles made by the throwing process. 

Articles of large sizes, oval-shaped ai tides, 
jugs, etc., are hand moulded or pressed. A wad 
of pugged day is pres.sed by hand on the inside 
of a plasl('r or other mould, which may be in one 
or more sections, so that the outside of the article 
takes the shape of the mould; the inside is shaped 
by hand. In the case of moulds with multiple 
sections, the sections of moulded clay arc assembl- 
ed together and the joints luted. On stiflening, 
the complete article separates itself fiom the 
mould. In the case of larger articles, mould sec- 
tions are removed one by one. Hand pressed 
products are not so dense and compact as those 


obtained by mechanical pre.ssing. This process 
permits the shaping of articles having different 
lhicknes.ses in different poi tions. In making cer- 
tain .sanitary articles, particularly basins, inside 
moulds are used, the outside being shaped by 
hand. Chemical stoneware is made by hand- 
moulding. Medium-sized in.sulators are made by 
hand pressing in steel moulds. Large stoneware 
articles are also made by this method. 

Jipgeriup.— Shallow articles— round or oval 
shaped — of earthenw^are, fine stoneware, and 
porcelain are made by jiggering. The articles are 
shaped by fixed tools (profiles) while the lump 
of clay is rotated in a plaster mould. The mould 
is fitted in a cup-shaped vessel (Jigger head) at the 
top of a roUiting vertical shaft (jigger). A profile 
attached to a handle (jollcy) is applied to the 
inside or outside of the mould. A lump of clay 
is placed on the rotating mould. The profile is 
lowered by the jolley so that it cuts and throws 
out the excess clay leaving the shaped article on 
the mould. In making hollow ware such as cups, 
small jugs, basins, etc., the profile is employed 
for forming the inside, while for shallow articles 
.such as saucers and plates, the profile is used for 
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Fig. 23, — Shaping drinking vessels 

the outside. The mould is removed alonj4 with 
the shaped article, and after drying, the article is 
removed, turned on wheels, and finished with a 
special tool and wet sponge. 

Dry pj’essing in steel moulds is used only in 
special cases for forming articles of intricate 
shapes of specified sizes. Porcelain cleats, bush- 
ings, and medium-sized insulalors are made by 
this process. Extreme caic? is necessary dtuing 
pressing on account of low tolerances. The clay 
mixture from the filter press is dried thoroughly, 
remixed with about 6' i of water atul, sometinu'S, 
lubricants, disintegrated, and pressed in steel 
moulds under high pressure. Drain pipes are 
made in special pipe presses or by extrusion 
through pipe machines. 

Canting.- -Thin-walled porcelain and earthen- 
ware articles are made by casting. Cast articles 
are light and not so strong as those obtained by 
other methods. They arc porous and suffer 
shrinkage during firing. Casting is particularly 
useful for making ait ides of complicated shapes 
such as tea-pots, flower vases, and jars. Sanitaiy 
ware can be cast accurately and with perfect 
homogeneity. Table-ware, floor and wall tiles, 
electrical and chemical porcelain ware arc also 
made by casting. Plaster of paris moulds, in 
one piece or in sections, are employed. The 
casting slip is poured into the moulds and 
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allowed to stand for If) -- .‘fO minutes. The plaster 
lloeculates the suspended day, and a dep sit of 
clay adheres to the mould walls while the water 
liberatt'd is ab.-iorbc'd by the plaster. When the 
reejuired thickness of day is built up, the exec'ss 
slip is poured out. On standing, tlu* L'ody S(‘ls, 
shrinks from the mould, and separates out. The 
article is removed, trimmed, and dri('d. Small 
moulds, such as those u.s(?d for tea-cups, ai'* 
mounte d in large numbens on one frame. Sf)me- 
times. particularly where thick-walled castings 
have to bo made, a core is inserted. 

In shaping cen tairi type's of art ides, all the' thi e'e' 
processt.'S are (’in ployed. High quality I able- ware 
is made by casting followe'd by jigge'ring. Spark 
plugs, rods, and tubes ai(' extruded, dric'd, and 
dry-ground by emery whe'cls to give’ the' oute'r 
contour. Handles are cast separately and fixeel 
to cups after Jiggening. Ee)i‘ making pin type* 
insulators, the pugged day is extrueied in tlie 
form of a cylindrical mass, cut into reciuired 
le'ngths, and shaped in plaster moulels by a press- 
ing machine. The article's are* Jollc'ye'd, threade'd, 
dried, and tinned on throwing wlie'cls. 

FUunlinig. The' feirme'el pre>ducts are dried by 
exposure^ to air in a drying yard. Seams and 
imperfections are removed with a knife' anel 
by wet sponging. Some article's such as plati's 
and saucers are fettled or polislud when eliy on 



FIk:. 24. — Ae-id jar.s 
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Fiff. 25. — Aiitomatic machines for the manufaeture of 
ceramic ware 

a whirler with emery or sand paper and finally 
by flannel cloth. 

G\azi)ig and h'irinci . — All ceramic ware, after 
shaping and drying, is baked or hred in special 
kilns. Ungla/cd pijlteiy is fired in one stage*. 
Gla/ed pottery is tired i i two stages; the dried 
ware is tired to produce Biscuit ware which is 
coated with the glaze, dried, and tired for a sc'cond 
time (glost-tiring) to vitrify the glaze. 

Glazes are gla.ssy coatings used for covering 
clay b{)dies for oi namentation and for r(*ndei’ing 
them impervious to moisture. The glaze is ap- 
plic'd in the foirn cn' a slip by spi'aying, brushing, 
or dipping. 

Glazes consist of basic oxides, scsrpiioxides, an<l 
acids. Tile gla/r* composition is so adjusted that 
it melts at IIk* tiring temperalure and flows 
smoothly. The coe!iicient of I'xpausion sliould be 
nearly the same as that of lire body to prevent 
crazing. It should fuse at tlie cori’(*ct temperature 
and ‘sliould have the desired transparency and 
colour. 

The principal glaz(’s in use are the alkaline, 
felspaliiic, lead, and leadh'ss glazes. Salt glaze is 
the most important alkaline glaze u.sed for stone- 
ware and sewage pipes. Fi'lspathic glazes consist 
of silica and alumina with alkaline or alkaline- 
earth bases, and arc* used for hard porcelain, 
sanitary wa.e, and stoneware. Bead glazes are 
similar to fclspalhic glazc's but have lowei* melt- 
ing points owing to the presc'iice of lead com- 


pounds they arc brilliant and are used for almost 
every kind of ware. Load-silica glazes are used 
for coarse earthenware, and fritted alkaline lead 
glazes, generally of the lead-boric acid type, for 
decorative earthenware. [iCadless or alkaline- 
calcareous glazes are used for sanitary ware and 
table ware; they are similar in composition to 
commercial glasses, but contain a higher propor- 
tion of alumina to prevent devitrification. 

Clay serves as the medium for the ingredienty 
of the glazing composition. Felspar and lime are 
the principal fluxes. Other fiuxes used are: 
barium compounds, zinc oxide, lead oxide, and 
boric acid. Tin oxide is added in small quantities 
to impart opacity. Compounds of cobalt, chro- 
mium. nickel, iron, manganese, uranium, copper, 
etc., an* used as pigments. The ingredients are 
giound and mixed with clay a. id water to form 
a slip. Soluble materials such as borax and boric 
acid are hist fritted with flint to make them in- 
soluble. The frit so obtained is ground with the 
remaining ingredients (mill mix) and water in a 
ball mill to form the glaze slip. 

Salt glaze is a soda-alumina glass coating form- 
ed in situ on the surface of the ware. Salt is 
thrown on the article at the end of the burning 
period, the alumina and silica necessary for glaz- 
ing being wdthdraw'n fiom the body of the ware. 
The r(*sulting product is usually brown in colour 
due to tile iron prc'se.it in the body. 

During firing, the clay particles arc partially 
fused and permeated by a glassy magma which 



Fig. 26. — Casting of tea cups 
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unites the more refractory particles together into 
an almost impervious mass. Stoneware and 
porcelain ware are lired at a high temperature, 
and the firing is continued till the body is vitri- 
fied and the pores aio completely filled up. Tlu* 
ware is protected from flame, smoke, and dirt by 
placing the articles in refractory enclosures or 
Saggars. The saggars also serve to protect the 
articles in the bottom 1 aye is from the load of the 
top layers. 

Coarse earthenware is filed at about 800 . Fine 
earthenware is biscuited at 1.200-1,800. and 
glost-lired at a lower temperature (about 1,100 ) 
which is suilicient to produce a porous body; 
higher temperatures reduce porosity and the glaze 
is not retained. Porcelain ware is biscuited at 
a low temperature to make it suflicienlly strong 
for subsequent handling, glaze slip applied, and 
the ware glost-fiied at 1,850- 1.450" at which 
temperature both the bj)dy and the glaze vitrify. 
High grade slonewaK', domestic stoni'wari*, and 
artware are biscuited at 900 1.000 , and glost- 

lired at 1.280- 1,880'. 

A one-stage process for glazing articles is some- 
times employed. The dried ware is coated with 
glaze, and fired to vitrify both the body and tht 
glaze. The process is economical in fuel and 
minimizes the risk of crazing. In India, one firm 
manufactures glazed earthenware cups and 
saucers by single firing. Stoneware of the heavy 
type is glazed in th(' clay stall? and liri.-d. 

Firing. -Three types of kilns are in use for 
firing, viz., intermit t(*nt or periodic kiln, conti- 
nuous or ring kil.i, and tunnel kiln. Pottery 
works in India generally imiploy inteirnitti'nt 
kilns of the down-draught, single chamber type 
Two chambeied dowm-drauglit kilns are used in a 
few" factories, the low’cr chamber for glost-liring 
and the uppea' chamber for bi.scuiting. Coniinuous 
or ring kilns and special kilns like mutfle kilns 
are not used in India. Three factories have in- 
stalled tunnel kilns for handling large production 
outputs; one of them is an electric tunnel kiln. 

Decunition.- Two moihods of d(‘Coratiori arc 
employed— unde. glaze decoiatiori and overglaze 
decoration. In uie former, the decoration is 
applied direct to the body or to an engobe. Colours 
are applied by painting, dipping, spraying, stencil- 
ing, or transfer-printing. The colours are pri‘par- 
ed by mixing pigments, metallic oxides such as 
alumina, lime, tin and zinc o.xides, with 
china or other clay or w-ith an essential oil. The 
decorated article is then glazed. The colours are 
more permanent than in overglaze decoration, 
but only a limited range of colours can be used 
owdng to the high temperature of glost-firing. 



Fiji. — El(?ctric tunnel kiln 

In overglazc decoration, the article is decorated 
alter the glaze is applied. The decorated ware is 
fired again at a low" temperature for fixing the 
colours. The process is used for decorating line 
oaiihenvvare, porcelain ware and, sometimes, 
coarse and fine stoneware. The most common 
form of overglaze decoration is decalcomania 
w"hich is a process of transferring designs or 
pictures from paper transfi'is to the article. Hand 
painting is also common. The colours are mixed 
m an oil rnodiurn, or wnth a flux containing lead 
oxide, borax or boric aeid to produce a fluid colour 
'haze of low melting point. A proleetive glaze 
is sometimes applied over the decoration. A 
variety of colours may be used for ovc*rglazed 
oecoration on account of the knv firing tempera- 
ture. Beautiful multi-coloured designs can be 
painted upon finished goods by the use of litho- 
graphic papers. 

Bkoduction and Tradk 

Three types of ceramic ware are now" manufac- 
tured in India— white W'ari', stoneware, a. id insu- 
lators. 

Indian w'hite w-are incliuk‘s cioekery both 
of the indigenous style (jars, bowls, plates, etc.) 
produced in Nagpur, Calcutta, Kaniganj, and 
Jubbulporo, and of modern style (cups, saucers, 
milk jugs, sugar pots, coffee pots, dinnei* sets, soup 
plates, tea-pots, (de.) pioduced in Calcutta, 
Bangalore, Gwalior, and Morvi. Some types of 
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Fiff. 28. — Decorating pottery 


fine crockery such as egg cups, ornamental china 
cups, arc produced only in small numbers. IX'CO- 
rati'd articles such as (lower vast's, toys, are also 
made. Earthen bodies arc used for tea, dinnei*, 
and coffee sets, while tea-cups aid saucers, tea- 
pots, milk jugs, sugar pots, etc., are made of 
porcelain. 

The manufacture of stoneware acid and pickle 
jars is a well-established industry in India, and 
there are prospects of its further expansion. The 
manufacture of .sanitary ware started duri.ig the 
War, is also rapidly expanding. Stoneware cups 
are also manufactured. 

Porcelain insulators, such as cleats, connectors, 
fuses, switches, are made in Calcutta, Bangalore, 
Gwalior, ' Delhi, and Morvi. About 90% of 
the L.T. insulators rc'quired by Posts and 
Telegraphs, elc'ctrical utility undertakings, and 
radio industry, is manufactured in India. Sus- 
pension type IT.T. insulators arc also being made. 
The total installed capacity of both H.T. and L.T. 
insulators is 4-2 million pieces per annum. 
Chemical and laboratory porcelain articles such 
as basins, Buchner funnels, desiccator .-itands and 
textile accessories arc being produced in India. 


The total production of ceramics in 1939 was 
8,700 tons (white ware, 2,000 tons; stoneware, 
4,500 tons: and insulators, 2,200 tons). The pro- 
duction incrca.sed considerably during World War 
II, and c. 19,340 tons of ceramic products (white- 
ware, 5,640 tons; stoneware, 5,400 tons; and 
insulators, 8,300 tons) wxnx? manufactured in 1945. 
The production rose to 20,000 tons in 1947, and to 
23,000 tons in 1948. Table 1 gives the production 
of ceramic w^are in India during 1948 and 1949. 
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The bulk of imports of earthenware and porce- countries in total imports during the quinquen- 
lain in pre-War years was from U.K., Germany, nium ending 1931J-39. 
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Table 5 gives the exports of earthenware and 
porcelain from India. 

The Panel on Refractories and Ceramic Indus- 
tries of the Government of India iixod the annual 
increase in production over the 194() figure for 
the first five years as follows: white ware, 1,128 
tons; stoneware jars, 1,080 tons; and insulators, 
1,245 tons. This represents an increase of 25%', 
20%, and 15S' per annum respectively over the 
1940 production. The production of L.T. insula- 
tors is to be progi-essively raised to 1,000 tons and 
that of n.T. insulators to 000 tons. The produc- 
tion of earthenware cups, saucers, rice bowls, and 
rice dishes are to be increased by 100%', and that 
of white glazed and decorative til(?s, sanitary 
ware ho.spital ware, chemical porcelain, etc., by 
75%'. 

Charcoal, Retort—' see Wood distillation 
CHARCOAL, WOOD 

Wood charcoal has been produced and used in 
India since ancient times. It is superior to wood 
as fuel, as it can be easily lighted, burns without 
emitting smoke, and gives an intense and st^'ady 
heat. 

Almost all species of wood can be carbonized 
to give charcoal, but some? selection is necessary to 
obtain a product of good nuality. Generally, any 
species of mature dense wood with narrow 
anrailar rings produces good charcoal. Rotten 
and old wood gives a light product. 

When wood is heated in i’(?torts, out of contact 
wnth air, it begins to carbonize at about 150’' and 
moisture and volatile matter distil over. As the 
temperature ri.ses cellulosic matter be( 4 ins to 
decompose foirning pyroligneous acid, methyl 
alcohol, acetone, hydrocarbons, carbon monoxide, 
and carbon dioxide, which escape from the retort, 
leaving behind charcoal. Black charcoal t)f good 
quality having a lixed carbon content of about 
77% can be obtaia(*d by retorting wood at 350% 
but in actual piactice the temperature used is 
500 600 \ 

Charcoal Kilns 

Charcoal is obtained by burning wood in open 
pits, kilhs. or retorts. Many types of pits and 
kilns are in use for charcoal making. They can 
be grouped under three major categories: 

I. Indigenous kilns: (1) Open pit kiln. (2) 
improved pit kiln, (3) paraboloidal kiln, (4) oven 
kiln, including brick-walled oven, and (5) prisma- 
tic kila and hill kiln; 

II. Brick-walled kilns: (1) Nilgiri kiln, (2) coni- 
cal brick kiln, and (3) Siamese kiln: and 
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111. Metal kilns: Forest Research Institute port- 
able charcoal kiln. 

The primitive open pit method is now practi- 
cally obsolete; it accounts only for a small frac- 
tion of the total production. The pits are 3 — 5 ft. 
diam., 5 ft. deep with sides sloping outwards, tiie 
entire pit being lined wilh brick and mud. Fire 
is started at the centre of the bottom with twigs 
and split wood, over which billets are thrown and 
burnt till smoke ceases. From time to time fur- 
ther billets are added till the entire pit is lilled 
with glowing charcoal. Water is then sprinkled 
and the pit covered with wet earth or turf, or 
corrugated iron sheets, leaving a small passage 
for the gases 1o escape. Whe.i the smoke ceases, 
all the holes are completely filled up and the pit 
allowed to cool for a day or two, and the char- 
coal taken out. The yield is about 18% calculat- 
ed on the weight of dry w^ood. The product is 
inferior in quality and unsuitable for use in 
portable producers. Open pit kilns are suitable 
only for small charge's. Complete* carbonization 
cannot be .secured when the charge is increased. 

A modified pit kiln or the Improved pit kiln 
(Budhiraja & Dey. Induin For. Leall.. No. 53, 1.943, 
4) has come into use in Australia. IL is rectan- 
gular (12 ft.x4J fl.x4A ft.) in cross section. Air 
is admitted at the bottom through two ]ai*g(* hoV's. 
Billets aie arranged horizontally along the 
longer side, thinner ones being placed ai tne 
bottom. The pit is covered with corrugated 
sheets, with openings at the sides, one nearei 
the air holes for smoke to escape and the 
other for firing. The stack is fired through a 
vertical hole left open during stacking. It is then 



Fifi:. 29. — Arrane:oment of loj^s in a charcoal kiln 



covered with wood and closed with coiiu^^aled 
sheet and dry earth. About half an hour after 
firing, the size of the smoke outlet is decreased. 
Burning takes about 48 hrs. and carbonization is 
complete when a bluish smoke comes out. At 
this stage the smoke hole and the air inlets are 
closed and the kiln cooled down. After a day or 
two, the cover is taken off and the charcoal 
removed. The yields obtained with Piinm longi- 
folia and Dalbergia aiasoo woods are 20% and 
28% respectively calculated on dry weight basis. 
The quality of the product is good and the char- 
coal is suitable for producers. 

The bulk of charcoal used in India is made in 
Paraboloidal, mud walled kilns. The kiln is 
built in a paraboloid shape, the usual size being 
8 — 10 ft. radius and 8 ft. high, and capacity, 800 - 
1,200 stacked c. ft. of wood. Before stacking, a 
vertical flue is constructed in llu' centre of the 
kiln with the help of three stakes bound round 
with twisted grass. The firing is from the 
bottom for whicli purpose a narrow passage is 
left from the centre of the flue (o the outside of 
the kiln. The whole stack is made up with two 
tiers of vertical and a top layer of horizontal 
billets about 2 ft. deep. The billets are stacked 
from the centre outwards, the thick ends point- 
ing downwards, which gives the kiln th*' para- 
.boloid shape. The thick billets are stacked 
about half way out from the centre wl\eie iho 
heat is at its maximum. Oxi the top of ihe 
first two tiers, billets are stacked lu)iizoutall>. 
varying lengths being used to give the coi rect 
shape. The kiln is covered first with a thick 
layer of grass, leaves, and turf, and then plastered 



Fig 30.— Paraboloidal charcoal kiln 
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with wet earth or a rni.xluie of line earth and 
charcoal dust (TroKer 1840, 882). 

The chimney is filled with dry grass, twigs, 
and other combustible material, and wlum lire is 
introduced through the horizontal passage to this 
material it spreads outwards ajid the billets begin 
to burn. When the kiln is \m‘ 1I lil, all passage's 
are closed with billets and cewered with grass 
and mud. The time taken foi* carbonization varies 
according to size, 7 — 10 days being necessary foi' 
the more common sizes. The late of burning 
should be eaiefully controlled and eiacks and 
crevices should Ix' patchi'd up as they appear. 
As burning proceeds a thick pungent VeJuAvish 
brown smoke comes out, and when a clear blue 
flame appears all over the kiln right down lo ihe 
base the cai‘bf)nizalion is compk'le. The kiln is 
allowed to cool for a wc'ek or more biiforo tlii‘ 
charcoal is taken out. 

Oven kilns are similai- to liie paraboloidal kilns 
and are erected on flat ground or in a pit 2 or 8 ft. 
deep with a thick covering of bakc'd mud. The 
kiln may be used la'peatcxily. Firing is through 
a sid(‘ h()l(‘ whicii is also us(‘d loi* dischaiging the 
charcoal. Such kilns ai‘(' in use in Oudh and at 
Changa Manga (Punjab). A type with biick 
lining is common in Daphar and Chichawatni 
plantations in Punjab (Chopra, ludlau For.. 1988, 
64, 346). 

Prismatic kilns are rectangular in cioss s(‘c‘'. ion; 
lli(' sides are rounded. They lov i.i use in Madhya 
Pradesh and in DcTira Dun. They ari‘ usually 
18—20 ft. long, f) ft. broad, and a (i ft. high. Th(' 
ground is cleaic'd aiul two long poirs planted 5 ft. 
apart along the length of tlie kiln. TIk' \yood is 
stacked crosswise and the kiln packed completely 
with wood })ieces (2 in. 80 in. diarn.), the' thicker 
pieet‘s being stackiM at llu* biOlom. Tlic wood 
is so ai ranged tliat tlie stack is .slightly shaping 
to one side. Th(‘ firing ln)l(‘ is Cornu'd l)y 8 stonc'S 
in the rniddh' of the broad sidi‘ of the ken, and 
th(' long base supp»)rls servt' as a duct lor the (ire 
lo lrav(»l to the exit hok' provide d at llu‘ to|> of 
the sloping siii(‘ of the kiln. The slack is e-'Yeied 
with brushwood a ul I'arth. leaving, out Ihe firing 
hole and the top is covaned with a laym' of leaves 
I ft. thick ki‘pl in i)osilion by inclined poks. T!ie 
lire is started by introducing burning solinlers in 
the firing hok* until tlu' kiln is Vvcll iigiiti'd. 
Ciiarcoal is iimioved through holes made as and 
when neci‘ssary. 

Two days ari^ reciuiied for charging and cover- 
irvg a kiln of 440 c. It. capacity, 2 woikins bei.ig 
employed; burning and c'ooiing lake 7 8 days. 

The charcoal piodueed is of good cpiality but is 
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usually admixed with burnt clay and stones. The 
advantage of this type ol’ kiln is that large logs 
of wood can be employed without cutting them 
into billets. It is. however, dillicult to cover the 
kiln properly as there may be uneven settling 
during cooling (Budhiraja & Dcy, op. cit., 11). 

Modili(‘d designs of the common kilns arc 
employed in the hills. In the' Hill kiln wood is 
staeki'd hori/.ontally and a passage, running from 
the front to the rear, is provided for firing Tiiis 
jiassage is connected with a vent at the back 
(Trotter, 1940, .‘1,37). Bui'ning is seldom even. 
The method is in use in Uttar Pradesh. 

Brick-walled kilns are more or less permaiu'nt 
structures of octagonal shape. The eight vertical 
walls and the basement arc* made of bricks and 
mud, and the roof and the door on one side are of 
corrugated galvanized sheets. Such kilns are 
suitable for localities assured of continuous 
supplies of wood, and are in u.se only in ihe 
Nilgii is. The air required for carbonization enters 
thiough small drauglit holes provided at the 
bottom and ctmlre of each side. The roof is also 
provided with a number of holes. Two Uivers of 
billets, preferably round and unsplit, arc stacked 
vertically above a layer of horizontally slacked 
billets, the central tier containing the bigger 
sizes. When the slacking is completed the door is 
closed and rendered airtight with mud, all open- 
ing at the bottom and in the roof being kept open. 
Pairing is through a bottom hole and as the lire 
.spreatls the openings at the bottom an I Pie lop 
are gradually closc'd one by one, and when blue 
smoke* coriK's out indicating the completion of 
carbonization, all the holes are clo.scd and the kiln 
made airtight. The kiln is allowed to cool for 
12— ‘1 days, and when suOicienlly cool, the c’larcoal 
is removed through the door and bagged The 
average yield is about 21% on the dry wi.iglit of 
the wood (Indian For. Lcafl., 1943, No. :34». 

Portable metal kilns are prefened to indigenous 
and brick-walled kilns where wood is scarce. 
The cost of transportation of wood can be saved 
by shifting the kilns to the regions of supply. 
These kilns possc^ss the following advantages over 
other types: (1) quick carbonization, (2) quick 
cooling. (3) portability, (4) freedom from leaks, 
(5) adaptability to hill regions, (6) freedom from 
fire hazards, and (7) good yield and quality of 
product. 

The Frikiln designed at the Forest Research 
Institute, Delira Dun, has given uniformly satis- 
factory lesults (Indian For. hoafl.. No. 55, i943, 1). 
The kiln consists of a number of sieel plates 
joined together from the sides and the top in 
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equal number of sections by suitable devices, such 
as V-bars, bolts, and wedges, and made airtight 
with earth. Air enters through holes at the base 
of each side and is distributed by a distribution 
box. Smoke outlets are provided in the roof sec- 
tions. To instal the kiln the ground is first 
levelled and the side panels erected, leaving out 
one of the panels. The first two layers of billets 
are placed vertically, followed by horizontal 
stacking; whe.i the billets reach the doorway the 
side panel is closed and stacking is continued 
from the lop. The roof sections are then placed 
in position and all Joints fitted up. The kiln is 
fired from the top through a vertical central 
tunnel provided during stacking. The hole is 
subsequently filled up with billets and covered. 
Little atte.ition is needed after firing. When the 
eaibonization is complete, blue smoke issue's from 
the outlets. The air inlets and the smoke outlets 
are closed and covered with earth and the whole 
kiln allowed to cool. The kiln is then opened 
and the chaicoal discharged. 

Quality and Grading.- -The quality of charcoal 
depends on the .species of wood used, method of 
carbonization and, to a large extent, on the skill 
and care with which it is made. Good charcoal 
should be black and glistening with a bluish 
tinge; it should give a clear metallic note when 
struck on a hard object; it should be free from 
taste and smell; small pieces should adhere to the 
tongue; llie transverse surface wdien rubbed 
should not soil the fingers; it should be capable of 
being easily lit, and should burn without produc- 
ing smokt* or flame; the ash content .should be low 
and the moisture content should not exceed 5- - 
(i%. The burning quality depends mainly on the 
percentage of fixed carbon, and this can be in- 
creased by carbonizing wood at a temperature at 
which most of the volatiles is distilled off, 
the rc'sulting product being dense. The quality 
of charcoal can be judged by the following 
characteristics: apparent specific gravity, true 
specific gravity, percentage of pores by volume, 
volatility, fixed carbon, and ash (Dey th Varma, 
Indian For. Leaf!., No. 56, 1944). 

Storage . — Proper storage of charcoal is impor- 
tanl as the requirements for the year arc obtained 
doling one season. It is usual to pack the char- 
coal in gunny bags and store them in godowns. 
Charcoal absorbs considerable quantities of 
moisture, and for this reason storage godowns 
should be damp proof. To avoid fire .hazard due 
to spontaneous combustion, the bags used for 
packing should be free from oil and grease, and 
the godowns should be well-ventilated. Charcoal 
is seldom transported through long distances as it 
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is bulky and is liable to damage and loss during 
transit. 

Charcoal for Portable Producers 

The suitability of charcoal for producer gas 
plants has been known for a long lime, but it was 
only during World War II that charcoal-fired 
producers came into extensive use in India, and 
a large number of buses and lorries was run on 
producer gas in order to conserve petrol. 

Charcoal burns readily forming a gaseous mix- 
ture rich in carbon monoxide, which when burnt, 
produces a gas free from tarry products. It can 
be, therefore, employed as a substitute for petrol. 
About 14 lb. of charcoal are equivalent to one 
gallon of petrol. 

The charcoal required for use in portable pro- 
ducers should be reasonably free from earthy 
impurities. It should satisfy the following speci- 
fications (War Transport Dep., India, Ccrfaencc 
of Producer Gas Technical and Testiriq Officers, 
1944, 34): 

(1) The charcoal shall be free from pieces of 
wood or bark, stones, etc., and reasonably 
free from loose ash, grit, and dirt. The 
ash content should not exceed 4- 6%. 

(2) It shall be reasonably free from tarry or 
volatile matter, which should not exceed 
25 ,30%. 

(3) It shall be reasonably dry. Air-dry char- 
coal should not ordinarily contain more 
than 6% moisture. Charcoal with a 
moisture content exceeding 10 /f should 
be preferably dried before use. 

(4) It shall burn with a clear bluish flame, 
reasonably free from smoke and spark- 
ling. 

The following woods have been found suitable 
for producing charcoal of the required characteris- 
tics (Ramaswami et ai, Indian For, Lea//., No. 35, 
1943): Acacia arahica, A, catechu, A. leucophloea, 
Adina cordifolia, Aegle marmelos, Albizzia pro- 
certt, Anogeissus latifolia, A, pendula, Azadi- 
rachta indica, Butea monosperma, Casearia spp., 
Casuarina equisetifolia, Dalbergia sissoo, Dios- 
pyros embryopteris, Ficus glomeraia, Holoptelea 
iniegrifolia, Kydia calycina, Mallotus philippinen- 
sis, Mangifera indica, Pieris ovalifolia, Pinus 
longifolia, Populus euphratica, Prosopis spicigera, 
Quercus dilatata, Q. incana, Sapium sebiferum, 
Shorea robusta, Syzygium cumini, Tamarindus 
indica, Terminalia arjuna, T. belerica, T. iomen- 
tosa, Trewia nudiflora and Zizyphus jujuba. 

Charcoal can be used along with rectified spirit, 
diesel oil, and green wood chips, in producers. 


Uses 

Wood charcoal is extensively used for ore 
smelting, and as fuel for blacksmiths’ and metal 
workers’ forges, and for numerous cottage indus- 
tries. Powdered charcoal is used in the manufac- 
ture of gun powdiu'. Retort charcoal is used in 
Bhadravati for smelting iron ores. Briquetted 
charcoal made from Acacia spp. using either gum 
arabic or sorghum flour as binder is suitable for 
firing stationary boilers. Charcoal briquettes 
made with pitch as the essential binder and gum 
arabic as the primary binder have been found to 
be satisfactory for firing locomotive boilers 
(Greene & Jewitt, Nature, 1944, 154, 58). 

Producer gas driven public vehicles utilize con- 
siderable quantities of charcoal. The annual 
charcoal consumption in India is roughly 124,000 
tons*^'. 

The quantity of wood used for charcoal produc- 
tion in 1944-45 in Indian Slat(»s, except Assam, 
Bihar, East Punjab, and West Bengal was 
72,409,000 c.ft. (Indian Forest Statistics, 1949, 27). 
Taking the average wt. per c.ft. of timber as 
37 lb. and the yield of charcoal as approximately 
20[ < , the total production of charcoal was 239,205 
tons. 

Table 1 gives the approximate production of 
charcoal in some Indian States. Data for other 
States are not available. Madhya Pradesh 
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1,90„5.12 

I^t)inbay 


1,01,000 
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:3o,ooo 

Orinaa 


14,000 

Uttur Prrtilosh 


8,7;i4 

Punjab 


9,030 

WfKt 


i5,440 

*No. of |»roi|iifi»r in 



Horvico on :Mst March 19451 

10,0 75). 


Milcafto jn*r vcliicio pop month 
of 2,5 (layM at <30 mili'S'dayf 

2.5x()0- I..500 

miloa 

Monthly coiisumption ofehar- 
roal pop vchi<*lo at l 
inilof 

ir>0(» X 1 - 2 lb. 


Totctl inor)tblv ooriHumption of 
charcoal f»p 10,(379 vohiclcM 

1.500 / 1 -2 X 10,079 lb. 
-S5SI toiirt 

JjoKa na dust and fiiioa during 
grading ut 20%-|- 

1,7 10 tons 


Total monthly rcquiri'ini'iit '>1' ••loin 

• ail 10, -297 t-.riH 


Yearly consumption of r'hapcoal 

tRamaswami f t a/., loc. c[(, 

J2:i,.504 tons 


97 
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supplies charcoal h) Bombay and Delhi markets. 

The consumplioi ol' charcoal during 1946 and 
1947 in 29 major Industrie’s was 14.000 and 13,410 
tons lespeclively (Second Cemsus of IVIanufac- 
tures, Lidia,- 1947, 1950, 66). 

CHLORINE 

Chlorine in the form of chlorides, e.^^., rock salt, 
sea salt, sylvine, carnallite, is widely distributed 
in natiue. Chloiides are pre'senl in small con- 
centrations i.i vi'^^etable and animal tissues. 

The world’s largest prodiicei’ of chloi inc at 
present is U.S.A. The total installed capacity for 
chlorine production in the world was estimated to 
bi.‘ 9,300 tons per day in 1949; production in 1948 
was about 8,000 tons per day (Murray, Indnstr. 
Enymf 1949, 41, 2157), 

Chlorine is manufactured on a commercial 
scale by one of the three following processes: 

(1) Electrolysis of brine; 

(2) Electrolysis of fused sodium chloiide; and 

(3) Action of nitric acid on sodium chloride 
(Solvay nit rosy 1 chloride process). 

The lirst process accounts for 91S of liie chlo- 
rine produced in U.S.A. ; 8% is produced by 
the electrolysis of fused chloride, and IS only by 
the treatment of sodium chloride with acid 
(Murray, loc. cit.). 

Properiiea , — The more important physical con- 
stants of chlorine (at. wt., 35-457) are: Chloriiu' 
gas - d, 3-214g./litre at N.T.P.; ().1159 cal./g. 

per C (I atm. and 15 ); 0-0301 cal./g.; 

76 atm; and 4- ; Liquid chlorine, -d, 
l-4()8g./ml. (0 aad 3-(i5 atm.); sp. heat, 0-2257 
cal./g. per C (between 0 and 24 ); b.p. (at 
N.T.P.),— 34-6 ; f.p., -102 ; and latent heat of 
vaporization, 67-1 cal./g. (at - 34-6 ), One 
volume of liquid chlorine? gives 462 vol. of gas at 
N.T.P. 

Uses. -Chlorine is one of the most ver.satih' and 
wddely used industrial chemicals. The import- 
ance of chlorine as a raw material for chemical 
industry would be evident from the fact that in 
U.S.A., the production of chlorine which was 
500,000 tons in 1940, rose to 1.615.000 tons in 1,948. 
The uses of chlorine may be classified under three 
main heads (Murray, loc. cit.): 

(1) Direct use of chloi ino in the treatment of 
a given product; 

(2) Utilization of chlorine for the formation of 
an intermediate product which is ulti- 
mately coiiverted into an end-product 
containing no chlorine: and 

(3) Preparation of chlorinated compounds 
with specific characteristics. 


The principal consuming industries of the lirst 
group are the pulp and paper indu.stry, water 
purification and sewage treatment, and textile 
bleaching. This direct use of chlorine accounted 
for nearly 68^' of the chlorine output in 1929 in 
U.S.A.; more chlorine was so utilized in 1949 
though the percentage figure was only 24. 

Tetraethyl lead, ethylene and propylene gly- 
cols, phenol, and magnesium are examples of 
products of the second category. About 30U f>f 
the? chlorine output in U.S.A. is utilized in the 
manufactuie of such products. 

The phenomenal increase in the consumption ot 
chlorine in U.S.A. is thi? outcome of the develop- 
ment of products of the third group. The con- 
sumption of chlorine in the manufacture of such 
products increas(.‘d from GS in 1929 to in 
1949. Examples of such products are chlorinated 
solvents, such as carbon tt?lrachlor ide, Iricholoro- 
ethylene. ethylene dichloride, methyl chloride, 
methylene chloride; vinyl and vinylidene plastics 
a id silicones; insecticides, fungicides, bactericides 
and herbicides like DDT (Dichlorodiphenyl tri- 
chloroethane), ‘Garnmexane’ (Benzene hexachlo- 
ride), 2,4D (2. 4-dichlorophenoxyacetic acid), 

pentachlorophenol; inorganic chlorine compounds, 
e.g., chlorides of aluminium, zinc, iron, barium, 
titanium, and silicon, and chloral ('S of sodium a. id 
potassium; chloriru’ compounds employed in mili- 
tary operations; and chlorinated oils, rubber, 
naphthalene, and waxes. 

Chlorine and its compounds were extensively 
used during World War I in the production of 
smoki screens like BM, H.C., FM, lachryma- 
tories, vesicants, and toxic gases such as Toni to 
(chloracetone), Aquinite, Klop, and NC (chloro- 
picrin), CN (chlorantophenone), mustard gas, 
phosgene, and chlorvinyl dichlorarsine (Prentiss, 
133, 243). 

Chlorination of fats, oils and hydrocarbons 
yields resins of industrial importance. Chlorina- 
tion of naphthalene gives a mixture of chlornaph- 
thalenes (m.p. range, 60 — 125 ) -Seekay Wax aad 
Halowax— which are used as non-inflammable 
binding agents in the manufacture of insulating 
compositions. They are used also in the produc- 
tion of smoke screens and insecticides, and as 
substitutes for camphor in the? manufacture of 
nitrocellulose films (Bhatnagar et al., J. .sci. 
iiidustr. Res., 1944, 3, 340). 

Chlorinated rubber derivatives find extensive 
application in lacquers and protective coatings. 
They are resistant to corrosion, weathering, 
moisture, gas, acid, alkali, and fire. Stable chlori- 
nated rubbers are marketed under trade names, 
Tornesit, Alloprene, and Parian. 



ParafTm wax is chlorinated and condensed with 
various aromatic hydrocarbons in the presence of 
aluminium chloride to yield products such as 
Paraflow used as pour point depressors. 

The analysis of chlorine usage in the U.S.A. for 
the year 1948 is as follows: chemicals. 75%; pulp 
bleaching, 12',;; water treatment, 10' ;; textiles, 
miscellaneous uses, and exports, 3% [Chern. 
Encfng. 1949, 5G (2), 115J. 

The Indian Industry 

Chlorine is pioduced in India by the electrolysis 
of brine (With India, Pt. I, 71). When an aqueous 
solution of sodium chloride is electrolysed in the 



Fig. 31. — Chemical stoneware towers for drying chlorine 
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conventional diaphragm cell, chlorine is produced 
at the anode, and hydrogen and caustic soda at 
the cathode. The chlorine, discharged from the 
cells at a temperature of c. 80 ’, is saturated 
with water vapour. A large part of the water is 
eliminated by cooling to about 15". The cooled 
gas is drawn through a series of stoneware drying 
towers, in which cone, sulphuric acid is kept 
under circulation. The dried gas from the towers 
passes through a separator wheie the acid mist 
carried by the gas is retained, and the gas is 
drawn by centrifugal blowers or compressors of 
the Nash type to a set of refrigerated liquefying 
coils. Chlorine liquefies at —40" at atmospheric 
pressure and at 15" whim the pre.ssuro is raised to 
7*5 aim. Liquid chlorine is .stored in tanks and 
sold in steel eylindeis containing, usually, 57 or 
150 lb. chlorine. In U.S.A. , chlorine is transported 
in tank-cars holding 10- 30 tons of liquid chlorine. 
The commercial product contains c. 98*6'; chlo- 
rine. The impurities are: COo, 0*7; Oo, 0-2;("O, 
0*01; Hj., nil; and others, 0*5';. 

The salt required for the electrolytic cells must 
conform to the following specification: NaCl, 
98*5; CaO, 0-28; MgO, trace; SO,. 0*12; Fe.O,, 
trace; water insolubles, 0*57; and moisture, 0-07'; 
(Rogers. I, 439). Industrial salt of this grade is 
not marketed in India, and a brimvpuri lying unit 
is a necessary adjunct to every alkali plant. Th(? 
brine is purified by the addition of caustic soda 
to precipitate iron and magnesium, followed by 
sodium carbonate to precipitate calcium; the 
resulting .solution, after settling, is filt(‘red through 
sand to give a clarity of 98'; (distil h'd water, 
100). The brine fed to diaphragm cells should 
conform to the following specificalion: 
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XuUI 

III 2 lit re (tniMiiniiin) 
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D-4 ti) ra (max.) 

Xu 
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Xjl.ySO, 

O’.’JO to I;!'.")*) 

(’ll 

4-<» p.p.m. 

Ko 

0-.‘l p.ji.iii. ,, 

Mk 

O’ .1 f).p.m. .. 

Ha 

.Volio 

Clarily 

(oiinimoio) 

Chlorine is produced in India by the Mettur 
Chemical and Industrial Corporation Ltd., Mettur 
Dam; The Alkali and Chemical Corporation oj 
India Ltd., Rishra; The Tata Chemicals Ltd., 
Mithapur; The Alunedahad Manufacturing and 
Calico Printing Co. Ltd., Ahrncdabad; and D.C.M. 
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Fig. 32. — Filectrolytic chlorine cells — Hooker type S 


Chemical Works, Delhi. It is understood that 
several other firms have plans for producing 
electrolytic chlorine in the near future. The pre- 
sent total investment in the industry is over 
Ks. 5 crores, and the industry employs nearly 
C,000 workers. 

In addition to these manufacturers, several 
paper mills produce electrolytic chlorine for con- 
version into bleach liquor or bleaching powder. 
Five of the paper mills are reported to be produc- 
ing 420 tons of chlorine, and 1,.910 tons of bleach- 
ing powder annually (Indian Tariff Bd, Rep. 
Caustic Soda & Bleaching Power Industry, 1946, 
5). Many textile mills arc equipped with 
plants for producing bleach liquor by the electro- 
lysis of brine. 

Production and Trade 

Table 1 gives the production of chlorine in 
India. Table 2 gives the production of liquid 
chlorine in India. The cost of production of liquid 
chlorine at Mettur has been estimated at 
Rs. 17-12-0 and Rs. 16-14-0 per cwt. for the two 
halves of the 2i yr. period ending March 1949 
(Indian Tariff Bd, Rep., 18). The corresponding 
fair selling price has been estimated at Rs. 20-4-0 


TAHLK 1.— rjtoDrjoTroN OK rilLOUl.\K 



l*laiit (’apneity 
('Cons) 

At-tnal 

Profluctioii* 

(Tons) 

194S 

Alkfdl <C’ Chamiral, (lorpn. of 
Jiulia Ltd,, Kishra (1. C. T.) 


1,4.')2 

Mvtlnr (Jln'micfil cC huhistrJnl 
CorpH. Ltd., Mottiir J)ain 


M40 

Tnta Chenilcnls Ltd., Mitiuipur 

2.SU\ 

47.3 

Ahwrdafittd Mannfw'turhuj and 
Cniico-printinfj Co. l.td„ 
Ahmc'dabad 

1,S(M) 

771 

D. G, J\I. Chemical Works, Dollii 

1,300 



8,200 

3,8,30 


♦For tlu» yfiir 1948. **Oonimonoo(l production in 1940. 

tTo 1)0 incroasod to 4,I50 fctmH by lO.Tl JTo bo iiioroa'^o 
by 2,fi00 tons. 
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TABLE 2. rJlODUCTIOX OF LIQUID ( HLOHIXE* 





(Tons) 

1040 

1,500 

1047 

1,700 

104S 

l,soo 

1010 

2,040 


*MafUhIi/ .Statistics of tha Prodwtion of Sdcctc.d hulustrics 
of Imiia 


T.MJJJO : 

J. — IMl’OKTS OK 1-lQOIU CJir.OHIXK* 


Qt,y. 

VillMO 


(Ih.) 

(Rs.) 

1037-38 

008,428 

2,40,220 

io:i.s-:io 

082,235 

2,12,752 

1030-40 

510,871 

1,. 50, 203 

1040-41 

40.riS(» 

25,:i0l 

1041-42 



1042-13 

1,005 

571 

1043-44 

02 

31 

1010-50 

051 

24,420 


*Tlioro woPo no hnporls during tlio porifxl UM l/*!."! to 

and Rs. IQ-G-O rospoctivoly. 

Prices of liquid clilorine in containers vary from 
4 as. to 9 as. p(?r lb. dependin^^ on the nearness of 
the consuming maiket and availability of chlorine 
containers. 

Table 3 gives the imports of liquid chlorine into 
India. 

The distribution of chlorine usage in India in 
1948 was as follows: liquid chlorine for water 
pu ification and textile bleaching, 4r)-3; bleaching 
powder, 27*4; bleach liquor, 20-5; chlorinated 
compounds, 5-2; and hydrochloric acid, 

Future Deiwlopments.- -The Panel on Heavy 
Chemicals and Electrocheniical Industries have 
fixed 40,000 tons of chlorine per annum as the 
five-year target of production (Rep. Panel on 
Heavy Chemicals and Electro-Chemical Indus- 
tries, 1946, 21 ). The limited outlets for chlorim? 
have hindered the expansion of electrolytic alkali 
industry in India. The panel has recommended 
the production of DDT and ‘Gammexane’ (30,000 
tons each per annum) as a means of utilizing the 
chlorine produced. A plant for the production of 
500 tons ‘Gammexane’ per year has already been 
put up by the l.C.I. at Calcutta. The manufacture 


of these insecticides and of sulphonamide (500,000 
lb.) and mepacrine (500,000 lb.), and the contem- 
plated development in the dyestuffs and plastics 
industries are expected to consume all the chlo- 
rine that may become available in the country. 

Besides, plants for the production of synthetic 
phenol via chlorobenzene (10 tons/day) and of 
calcium hypochlorite (4-5 tons/day) are being set 
up in India. Production of bromine may also be 
expanded. Other possible uses of chlorine are: 
production of sulphuric acid from sodium sul- 
phate, manufacture of mono- and di-calcium phos- 
phates from rock phosphate, chlorination proces- 
ses for the recovery of metals from ores and for 
the preparation of compounds useful i/i industry, 
gas chlorination or Pomilio process for the manu- 
facture of cellulose, paper, or rayon from linters, 
bagasse, mixture of wood and straw. The Pomilio 
process is being utilized for paper pulp manufac- 
ture in India. 

CHLOROFORM 

Chloroform, CHCl 3 , is a heavy coloin :c; 
liquid used principally as a solvent in industry 
and as an anaesthetic and antiseptic in surgical 
and medical practice. Its high toxicity is disad- 
vantageous for anaesthetic purposes, and it is 
now largely replaced by ether in combination 
with nitrous oxide. It is used also as a serum- 
preservative^ insecticide, vermicide, and counter- 
irritant for external application. It was used 
during the last War in the manufacture of hexa 
chlorethane required for smoke screens. 

Manufacture 

Chloroform is produced by the action of bleach- 
ing powder on acetone or alcoliol, wdien the 
following reactions take place: 

1 . 2 Cli 3 (:OUll 3 ; oriiCl., KC’IFaCOOlaUi 

1 -2C»1 (DM)a 1 aUaClg 

2. (a) UHaUMaOlf J (.laOCIa-X’HaUMO 1 (’aUh hllgO 

(b) 2(Mf3CJl()-fn(*a(U.:Ja->'2(VI.,(Ml() j .3(’ji(OH)a | 

(. ) 2UUl;,UHO i (:ii(()K)a- >2(^111^3 i Ca(COOJl)a 

The process utilized in the production of chloro- 
form in India is based on reaction 2; in other 
countries acetone oxidation is the process gene- 
rally employed. Bleaching powder acts on alcohol 
partly as an oxidizing agent and partly as a 
chlorinating agent, chloral being foimed as an 
intermediate product. This is decomposed by 
calcium hydroxide, formed during the second 
stage of the reaction, into chloroform and calcium 
formate. The reaction is brought about in a 
cast-iron still provided with stirring gear and 
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steam and cooling coils, and connected to a 
receiver through a condenser. 

The raw materials are taken in the ratio of 4 
parts of bleaching powder (32-5 — 34*5' ^ available 
chlorine), 3 parts of alcohol (96Vv ), and 13 parts 
of water (Simmonds, 333). Steam is let in and 
the temperature raised to 40 "; the heat of the re- 
action raises the temperature further. The maxi- 
mum temperature is not allowed to exceed 60 \ 
Chloroform distils over and is collected in a 
receiver. The fraction distilling at temperatures 
exceeding 60'’ is collected separately; it consists 
of alcohol saturated with chloroform. The distil- 
lation is stopped when a sample of the distillate 
gives no turbidity with water. 

Chloroform is separated from alcohol by wash- 
ing with water in a narrow vertical cylinder, and 
rectified in a copper still rectifier. Under Indian 
conditions 18 gal. of alcohol (96' <) and 12 cwt. 
bleaching powder yield 100 lb. of chloroform. 
Calcium chloride is obtained as a by-product. 

A variation of the above process consists in 
chlorinating absolute alcohol with anyhydrous 
chlorine gas, and treating the chloral hydrate 
thus formed with alkali. 

For anaesthetic purposes, chloroform is further 
purilied by washing with water and dil. sulphuric 
acid, followed by lime water or dil. sodium 
hydroxide solution. The product is again washed 
with water until free from alkali, dried with fused 
calcium chloride, and distilled. 

Other processes. — Reduction of carbon tetra- 
chloride by nascent hydrogen provides a method 
of manufacturing chloroform which is now adopt- 
ed in America. A mixture of carbon tetrachloride 
and finely divided iron suspended in water is 
vigorously stirred. Hydrochloric acid is added to 
react with iron and release the hydrogen required 
for the reduction of tetrachloride. 

Pure methane from natural gas has been utiliz- 
ed in America for the production of chloroform. 
Methane is chlorinated stepwi.se either photo- 
chemically or thermally, to methyl chloride, 
methylene chloi ide, chloroform, and carbon tetra- 
chloride. The lower chlorinated hydrocarbons 
can be further chlorinated photo-chemical ly in the 
liquid phase, resulting in a mixture of chloroform 
and carbon tetrachloride. Up to this stage the 
process is continuous. The resulting mixture of 
chloroform and carbon tetrachloride is separated 
by fractionation to produce U.S.P, chloroform 
(Hirschkind, Industr. Eiigng Cliein., 1949, 41, 
2749). 

A number of patents have been taken out for 
electrolytic methods of manufacturing chloro- 
form from alcohol and acetone, but commercial 


production based on these methods appears to be 
insignificant (Thoipc, III, 79). 

The development of methods for the economic 
production of acetaldehyde has pointed to the 
possibility of producing chloroform by the chlori- 
nation of acetaldehyde. 

Properties. — Chloj-oform (sp. gr. 1-474 — 

1-478; b.p., 61"; and rn.p., — 63-5 ’) is slightly solu- 
ble in water (1 volume in 200 volumes), and is 
readily miscible with dehydrated alcohol, ether 
and most organic solvents, and fixed and volatile 
oils. It is non-inllammabli?, but the vapours form 
a highly poisonous oxidation product, carbonyl 
chloride oi* phosgeru', COCl which burns with 
a green flame. 

On exposure to air and light, chloroform is 
gradually oxidized, becoming contaminated with 
hydrochloric acid and caibonyl chloride. The 
medicinal grade of chloroform is therefore pre- 
served i.i gla.ss stoppered, brown bottles and 
stored at a temperature below 30 \ Alcohol is 
used as stabilizer. U.S.P. gradi' chloioform con- 
tains 0-5 — 1-0% dehydrated alcohol, while the 
B.P. grade contains 10 -2 0% by volume. 

Not moj'c than 15% v/v of the B.P. grade 
(spgr.‘"'\ 1-474--1-479) distils below' 60"; the 
remainder distils betw'oen 60' and 62". The 
residue on evaporation is not more than 0-004' 
(w/v). Limit tests have been prescribed for 
acidity, chloride, free chlorine, foreign organic 
matter, foreign chloi ine compounds, decomposi- 
tion products, and aldehyde (B.P., 137), 
Production and Trade 

In pre-War years, small quantities of chloroform 
were manufactured in India by The Alembic Che- 
viical Works Ltd., Baroda. The annual production 
between the years 1932 and 1939 was 3,000 lb. The 
product was not, however, maiketed. During 
World War II, four firms set up plants with a 
total annual production of 60,000 lb. (Bengdl 
Chemical and Pharmaceutical Woi'ks, Ltd.. Cal- 
cutta. 35,000 lb.; Eastern Drug Company Ltd., 
Calcutta, 12,000 lb.; Mettur Chemical & Indu.strial 
Corpot'atioii Ltd., Mettur Dam, 12,000 lb., and 
Bharat Laboratory Chemical Works, Calcutta, 
1,000 lb.). The production was sporadic and 
below^ capacity. The Bengal Chemical and 
Pharmaceutical Works, Ltd., produced 10, 504 lb. 
in 1943, 15,294 lb. in 1944, 4,204 lb. in 1945, 20,000 
lb. in 1947, and about 5,000- 6,000 lb. in 1948. The 
other three factories have gone out of production 
(Indian Tariff Bd, Rep. Chloroform etc., 1947, 5). 

Imported chloroform is of two qualities — 
commercial and pharmaceutical. The former is 
supplied in large bulk containers, and the latter, 
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TABLK 1.— IMPORTS OP (UIL(RR)POI<M PKOM VA\* 



Qty. 

N'liluo 


(lb.) 


11)10 

10(),007 

i:u."i2 

Jl)41 

is2,sr)0 

22,4.72 

1042 

74,207 

s,o.3:) 

loi:) 

iri7,0.TS 

io.2r»« 

1944 

1 24,0.72 

1.7.00.7 

104r> 

OS, 441 

s,0I,3 

104(> 

1.3.270 

2.n.ss 


Tr. r./\. 


TARUK 2 

VKrCI-: OK CIII.OJIOKOKM 

T 

Tr 

IM 

(.Tilly 104(i) 

(Aii;r. 1040) 

(1040J 

(^uniiKTfial 

R.r. 

B.P. 

quality 

Q’lality 

(,)iialil y 

Rh. a. p. 

R«. a. 1 *. 

Ba. a. |». 

iapuli'il 



coat 1 0 4 

2 10 0 

2 0 1 




pl'icn 1 11 7 

:j 0 

4 12 0 

in lb. bottles. 

Pre-War imports 

wer(* about 


250,000 Jb. pt'i’ year of which 40,000 lb were 
of the anaesthetic quality. Table 1 gives imports 
of chloroform into India from the United Kingdom 
during World War II. Imports of chloroform are 
subject to a customs duty of 30% standaid rate, 
and 24% ad valorem preferential rate for imports 
from U.K. 

In 1938. the landed cost and the selling price 
per lb. of chloroform (B.P. quality) from U.K. 
was Rs. 1-13-10 and Rs. 2-5-4 respectively. Table 2 
gives the price per lb. of imported chloroform as 
given by 3 importing firms (Indian Tariff Bd,, 
loc. cit.). 

The cost of manufacture per lb. of B.P. chloro- 
form in India was Rs. 2-14-0 in 1945. In 1947 the 
cost of manufacture was estimated at Rs. 3-4-4 
per lb. The high cost is partly due to the high 
price of bleaching powder, Rs. 13-8-0 per cwt., as 
against Rs. 7-8-0 per cwt. in England. 

CHROMATES, DICllROMATES, AND 
CHROMIUM COMPOUNDS 

The chromates and dichromates (bichromates), 
especially of sodium and potassium, find exten- 
sive use in industry and form the starting mate- 
rials for the production of other chromium 
compounds. 


Chromates and dichromates 

Kaiu materials . — The principal raw materials 
required in the manufacture of chromates and 
dichromates are chromite or chrome iron ore 
(FeO. Cr.^O;, )i soda ash, lime or limestone, sul- 
phuric acid, and potassium chloride or nitrate. 
The raw materials required for 1 ton of sodium 
dichromate an*: chrome ore, 1-7 tons; soda ash, 
1-25 tons; sulphuric acid. 0-(j ton; and lime, 0-85 
Ion. For lh(' preparation of dichromate, th(3 
chromite ore should contain 48 — 50% (h-J)., and 
the silica content should be below 0%. 

Manufacture . — Sodium dicliromatc* is obtaini'd 
by roasting a mixture of finely crushed chrome 
ore, lime, and soda ash in a reverberatory fuinace 
directly tired by fuel oil or coal. The flame does 
not come into diicet contact with the mass, which 
is heated mainly by radiation. An oxidizing 
atmosphere* is maintained in the furnace* by 
blowing in exce*ss of air. The furnace is provideel 
with a door foi‘ charging. Uiid another tor di.s- 
charging the re)asted mass. The charge* is roasted 
for 8 he)urs --4 horns at the* charge enel anel 4 
he)urs at the discharge end. The* charge* is raked 
by a stec'l te)e)l every 15 minute's. The roasting 
temperature is about 1.000 . 

The soluble sodium chromate is extracte'd from 
the roasteei mass by pe*rcolat ie)n with water. The 
extiact is concent »ate*d and the sodium chromate 
crystallized out. For obtaining the dichromate, 
the extract is acidified with sulphuric acid in two 
stages. In the first stage, soluble aluminium 
salts are eliminated, and in the .s(*cond, the chro- 
mate is co.werted into diclu-ornale. After paitial 
neutralization, the li(pior is filter-pressed to re- 
move the insoluble impurities, and the* fil- 
trate is furtlu'r treated with sulphuric acid to 
complete the conveision of chromate to dichio- 
mate. The m'Utialized liquor is conci*ntrati*d in 
an evaporator healed by a clos(‘d sU*am coil and 
providt*d with a churning arrangement. A steam 
pressure of 80 70 lb. is maintained in tiu* coil. 

The concentrat(*d (50 Be.) hot licpior containing 
.sodium sulphate is discharged into a crystal 
catcher to retain sodium sulphate, and th(* cli*ar 
dichromate li(|Uor is taken for further concentra- 
tion. The sulpliaU* in the crystal catcher is 
washed with steam and hot wat('r and diied in 
vacuum. 

The cli'ar dichromate liquor is c()nc('nt rat('d to 
f)8’ Be. when ail the sodium sulphati* st‘f)arates 
out. The sulphate is r(*mov(’d as before, and the 
dichromate licpior. free from .sodium sulphate, is 
filtc*r-pre.s.sed and concc*nt rated. It is discharged 
into wood(*n vats li u*d with l(*ad or mild steel 
plates, and the sodium dichromate allowed to 
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crystallize. After 2 or 3 weeks, the crystals are 
dug out, centrifuged, dried, and marketed in air- 
tight steel drums. 

The sodium sulphate obtained as a by-product 
(one ton of Na-j SO^-lOHjjO for every ton of 
sodium dichromate) contains about 1% dichro- 
mate. It is purified and sold as desiccated sodium 
sulphate for use in paper and textile industries. 
Sodium sulphate may be converted also into 
sodium sulphide. 

Potassium dichromate is manufactured by 
almost all the factories manufacturing sodium 
dichromate. It is made by double decomposition 
of sodium dichromate with potassium chloride or 
potassium nitrate. To a solution of sodium 
dichrornate (40- 50*’ Be.) contained in an eva- 
porator, the requisite quantity of potassium salt 
is added in small quantities, and the solution 
concentrated. The liquor is discharged to crys- 
tallizing pans. The less soluble potassium 
dichromate crystallizes out. The crystals form- 
ed are removed, centrifuged, dried, and packed 
in drums. 

Direct processes for the manufacture of potas- 
sium dichromate have been developed. Chrome 
ore, ground to 200-mesh, is fed into an agitated 
pressure vessel containing a 50% solution of 
caustic potash. The quantity of chromite added 
is adjusted to leave a 10% excess of potash. The 
mixture is heated in a rotary furnace at 2,000*’; 
the frit thus formed is digested with water and 
calcium hydroxide, autoclaved in an atmosphere 
of carbon dioxide, filter-pressed, and washed. The 
filtrate, after concentration, is centrifuged and 
reautoclaved in the presence of carbon dioxide at 
5 atm. The pota.ssium bicarbonate thrown out is 
removed by centrifuging, and the liquor concen- 
trated and crystallized. The crystals arc dried in 
a rotary dryer. Potassium carbonate is obtained 
from the bicarbonate by calcination (Chem. Tr. 
J., 1946, 118, 405). 

Ammonium chromate and dichromate are pre- 
pared by mixing solutions of ammonia with 
chromic acid in proper proportions. Ammonium 
chromate may be obtained by treating sodium 
chromate solution with ammonia and saturating 
with carbon dioxide. Sodium bicarbonate is pre- 
cipated and ammonium chromate remains in 
solution. 

Properties and Use.?.~-Sodium dichromate is 
obtained as red deliquescent crystals readily 
soluble in water (109 g. in 100 c c. of water at 
15'). It is rendered anhydrous at 100*’ and de- 
composes on further heating. Sodium dichrornate 
ir> extensively employed in tanning. Most shoe 
upper leathers arc chrome-tanned. Dichrornate 
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is also u.sed in the tanning of glove leathers and 
in the preparation of furs. It is used in the 
manufacture of mineral khaki. 

Sodium dichrornate is employed in the manu- 
facture of chrome yellows, oranges, greens, and 
reds required in paint and printing ink indus- 
tries. It finds application in metal treatments 
such as cleansing, preparing dipping compositions 
for brass, tin-plating, and galvanizing. It is used 
in pickling baths. A bath containing 4*5% 
sodium dichrornate and 16% sulphuric acid is used 
in Indian mints for pickling annealed coin blanks 
(Mitter & Dighe, J. sci. industr. Res., 1943-44, 2, 
11). Magnesium alloys are dipped in dichrornate 
solution for imparting corrosion resistance. 
Dichrornate is also used for retarding corrosion 
in refrigeratioxi brines, air conditioning equip- 
ment, air washers, coolers, condensers, automo- 
biles, diesel engines, boilers, etc. 

Sodium dichrornate finds use as an oxidizing 
agent in the preparation of many organic com- 
pounds, in petroleum refinery, and in the bleach- 
ing of fats and oils. It is an ingredient of match 
head compositions, battery electrolytes and 
pastes, and of preservatives for anatomical speci- 
mens. It is used as a hardening agent for gums 
and gelatine in photographic plates. It renders 
glue insoluble, and this properly is utilized in 
the gum-bichromate printing process. Among 
the miscellaneous uses may be mentioned its uti- 
lization in adhesives, wood preservation, staining, 
and manufacture of waxes and greases. Analysis 
of dichrornate usage in U.S.A. is as follows: pig- 
ments. 42*6; metallurgical, 8*2; metal treating, 
7*1; corrosion prevention, 1*1; chemical manufac- 
ture, 15*8; textile processing, 6‘0; tanning, 15-6; 
export, 1*8; and miscellaneous, 10-0% (Stonerson, 
Chem. Engng News, 1947, 25, 275). 

Potassium dichrornate is obtained in the form 
of anhydrous, large, orange-red, triclinic crystals. 
When heated to 236°, the triclinic or a form 
changes to the monoclinic or P form, melting at 
397° and decomposing at 500 ^ The heat of 
fusion is 29*8 cal./g. It is moderately soluble 
i.i cold water (10 g. in 100 g. water at 15") and 
readily soluble in hot water (100 g. of salt in 
100 g. of water at 100' ). 

On account of its non-hygroscopic nature, 
potassium dichrornate is used in preference to 
sodium dichrornate in the manufacture of pyro- 
technics, safety matches, and medicinal prepara- 
tions. It is used in specialized textile and 
leather finishes such as glazed kid, in the manu- 
facture of blue printing paper, ceramic colours, 
and wood preservatives. It is also used in the 
manufacture of zinc chromates widely employed 
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as priming and protective coats for ships and steel 
structures. Analysis of potassium dichromate 
usage in U.S.A. is as follo\vs: pigments. 43-7; 
metallurgical, 7-4; metal treating, 5-6; corrosion 
prevention, 1-8; chemical manufacture, 5 0; tex- 
tile processing, 4-1; tanning, 0-7; exports, 15-8; 
and miscellaneous, 23-3% (Stcnerson, loc. cit.). 

Ammonium dichromate decomposes at 185° 
without melting. The decomposition becomes 
self-sustaining at about 225'. It does not form 
hydrates. Ammonium dichromate is used in 
sensitizing solutions used in lithography. It is 
employed in pyrotechnics, porcelain finishes, and 
in the preparation of various oxidation and re- 
duction catalysts. It is used also as a mordant. 
It is the starting point for the manufacture of 
ammonium chromate and other chromium chemi- 
cals such as metal-ammonium chromates. 

Sodium chromate consists of lemon-yellow 
crystals with a metallic taste and alkaline 
reaction. It exists as a decahydrate below 19-5' 
and is less soluble than sodium dichromate. It 
is a valuable oxidizing agent and can be substi- 
tuted for sodium dichromate in all its uses. It 
forms a number of hydrates — decahydrate. hexa- 
hydrate. tetrahydratc, dihydratc, etc. 

Sodium chromate is not used in any significant 
quantity in industry, as the dichromate contain- 
ing a higher proportion of chromic acid is gene- 
rally preferred. It is used wherever reactions in 
neutral and alkaline media are involved; but 
even here, it can be replaced by a mixture of 
dichromatc and caustic soda. It is used as an 
anticori'osivc in refrigeration and automobile 
cooling systems, and in the manulacture of pig- 
ments, textile finishes, photographic chemicals, 
and dyes. Rocket grenades and tracer bullets 
contain sodium chromate. 

Potassium chromate is obtained as anhydrous 
yellow rhombic prisms isomorphous with potas- 
sium sulphate. It dissolves in water, the heat of 
absorption being 5,254 cal. /mol. No hydrates are 
delinitcly known. When heated, the rhombic or 
j8 form changes to the hexagonal or x form at 
660“ with absorption of 2,450 cal. /mol. The « 
form melts at 977". 

Potassium chromate is highly poisonous, and 
produces a condition resembling diabetes. Work- 
ers engaged in potassium chromate production 
suffer from slow-healing sores, for treating which 
sodium bisulphate is efficacious. 

Potassium chromate has comparatively few in- 
dustrial applications, since for most purposes the 
cheaper sodium salt can be employed. It is spe- 
cially used when an anhydrous, non-hygioscopic, 
alkaline compound or the absence of sodium is 
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desired, as in medicinal and proprietary prepara- 
tions. It is also used in photographic, textile 
and leather industries, manufacture of ink, and 
as an analytical reagent. It is used in specialized 
ceramic and glass colours, and in special fluxing 
and metal-coating compositions such as those for 
covering welding electrodes. 

Table 1 gives some of the important physical 
properties of chromates and dichromates (Hart- 
ford, Industr, Engng C/ieni., 1949, 41. 1993). 

Prior to 1939, all the dichromates consumed in 
India were obtained by import, the principal 
source of supply being U.K.; during World War 
II, large supplies of dichromates were required to 
meet the demands of the Army for khaki cloth 
and tanned leather. This demand and the assur- 
ance of post-war protection given by the Govern- 
ment acted as an impetus to the development of 
the dichromate industry in India. A Chrome 
Control Order was promulgated to regulate the 
production, distribution, and cost of indigenous 
products. 

In 194t), there were 17 factories engaged in the 
production of dichromate with a total rated capa- 
city of 6,220 tons. Since then some of the facto- 
ries have suspended production, and at present 
there are 11 factories working, some of them 
intermittently. The principal producers of dichro- 
mate in India are: Buckingham & Carnatic Co. 
Ltd., Madras (1,080 tons)*; Caionpore Chemicals, 
Kanpur (1,200 tons); Premier Chromate and Che 
mical Works. Bombay (900 tons); Pioneer Chro 
mate Works Ltd., Bombay (600 tons); Golden 
Chemicals. Bombay (540 tons); Hindustan Chemi- 
cal Works. Bombay (480 tons); and Government 
DichroTfiale Factory. Belagula, Mysore (240 tons). 
The distribution of the factories is as follows: 
Madras, 1; Bombay, 4; Kanpur, 1; Calcutta, 4; 
Mysore, 1 (India.^ Tariff* Bd, Rep. Continu- 

♦FiftiiroM within llio hrnukols indiualo nnniinl prodtu’lion 
onpa**itio«. 
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ance of Protection to the Bichromate Industry, 
1949, 22). The total installed capaeity of the 
plants is 5,520 tons (Monthly Statistics, Prodne- 
tion of Selected Industries of India, Jan. 1950. 9). 
The capital invested is about Us. 60 lakhs. 

Production 

Table 2 gives the production of dichromate in 
India. The actual production is mucli less than 
the total installed capacity, the production during 
1949 being only 31*2%. The Government of India 
have recently an.Tounced a short-term plan which 
(envisages no actual increa.se in capacity but the 
utilization of a part of the idle capacity by 
stimulating internal consumption by encourag- 
ing the dyeing of mineral khaki and developing 
an export market. 

The quality of the indigenous product has 
generally given satisfaction to the consuming in- 
dustrie.s. The tanning industry demands a mini- 
mum purity of 98%, the percentage of sodium 
sulphate being less than 1. This quality is being 
adhered to by the members of the Bichrornaie 
Manufacturers' As,sociation of India. 

The demand is much less than the rated capa- 
city of the actual production. Tlie TaritT Board 
has therefore asked the manufacturers (1) to 
produce chrome compounds in suflicient quantity 
so that consuming industries may not be required 
to sbarch for substitutes; (2) to achieve a substan- 
tial reduction in the cost of pioduction of dichro- 
mate; and (3) to develop an export market (Indian 
Tariff Bd, Rep., 1949, 14). 

Cost of Production . — The cost of production of 
sodium dichromate varies widely in Indian fac- 
tories. According to the Tariff Board’s estimate, 
the cost of production of sodium dichromate, on 
the basis of annual output of 600 tons, would he 
Rs. 78-2-0 per cwt. Indian Tariff Bd, Rep., 
1949, 10). 


After an examination of the trend of c.i.f. prices 
and the cost of production in an economic unit 
of 600 tons capacity per annum, the Tariff Board 
('stimates Rs. 81-11-0 to be the fair selling price 
per cwt. of sodium dichromatc compared to the 
c.i.f. prices f)f Rs. 62-4-0 and Rs. 71-10-0 per cwt. 
of sodium and potassium dichromates respective- 
ly when imported from U.K. (Indian Tariff Bd., 
Rep., loc. cit.). 

The trend in consumption in the next few years, 
according to the Tariff Board is as follows: 
taming. 1,000: tc'xtile, 750; paints and pigments, 
500: other industi ies, 150; total 2,400 tons (Indian 
Taiiff Bd. Rep. Bichronmtes Indjistry, 1947, 8). 
The annual domestic consumption of sodium 
dichromate and potassium dichromate for the 
years 1950 to 1952 has been estimated at 2,400 
and 400 tons lespc'ctively: the lattei- ligun' repre- 
S('nts th(* cocisumption in iht' match industry and 
for electroplatiag and ciiromic acid production 
(Indian Tariff Bd, Rep., 1j49, 14). 

hriports . — Table 3 give., the imports of dichro- 
males into India. The imports during recent 
yeai’s are negligible. 

In receit yc'ars. India has been exporting small 
quantities of dichrornate — 532 tons in 1947, 638 
tons in 1948, and 175 tons in 1949 (8 months). 

During the quinquennium ending 1938-39, U.K., 
Germany, and Japan weri' the principal suppliers 
of sodium dichrornate, their shaic's bc'iiig 69*3, 
12-8, and 9*5% respectively. In the next quin- 
quennium, U.K. supplied 46-3% and U.S.A., 
49*5%. U.K., Germany, and Japan wei’u also the 

main suppliers of potassium dichrornate b('fore 
1939 and their share in the imports during the 
quinquennium endi.ig 1938-39 were 23*3, 37-4, and 
27-5% respectively. During the next live years, 
U.S.A. supplied 61-4% of tlie total imports. 

Imports of dichi’omates and all other chrome 
compounds arc' subji'ct to a protective duty of 
30% ad inilorem. 
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Chromium pigments 

A number of chromium compounds containing 
lead and zinc with extenders are extensively 
used as pigments. The yellow pigments, called 
Chrome Yellows, are particularly popular on 
account of their exceptional brilliance, great 
opacity, and excellent light-fastness. 

Chrome Yellow. — Normal lead chromate, 
PbCr0 4 (sp. gr., 6-3), is formed by adding a solu- 
tion of sodium dichromate to a solution of lead 
nitrate or acetate. The solutions are prepared 
separately, filtered, and the clear solutions run 
together into a precipitating tank. After allowing 
the precipitate to settle, the supernatant liquid is 
drawn off, and the precipitate washed repeatedly 
with water. The pigment is filter-pressed and 
dried at 30 -50". 

Pure chrome yellow is too expensive for most 
purposes, and is liable to darken in colour. Pig- 
ments of a paler tint, e.g., Primrose Chrome. 
Lemon Chrome, and Middle Chrome, are pre- 
pared by mixing an appropriate quantity of sul- 
phuric acid, glauber’s salt or alum with the pre- 
cipitating chromate solution. The chromate is 
thus precipitated along with lead sulphate as 
mixed crystals, and pigments of varying shades 
may be produced by varying the proportion of 
lead sulphate. A range of Reduced Chrome 
Yellows are made by admixture of barytes, 
gypsum, kaolin, or whiting, ground with water in 
the precipitating vat, and kept in agitation while 
the reacting solutions are run in so that the 
precipitate is deposited uniformly on the particles 
of the base. 

Chrome Green (Brunswick Green) is prepared 
by mixing Prussian blue with chrome yellow. 
It is distinct from the more expensive and perma- 
nent chrome oxide green. 

Chrome Orange is obtained by replacing a part 
or whole of the normal lead chromate by basic 
chromate. It is generally obtained by precipitat- 
ing the normal chromate, and then converting it 
into the basic compound by treatment with caus- 
tic soda or calcium hydroxide. A deep orange 
pigment is produced if the whole nor mal chromate 
is converted to the basic salt, but if partially 
converted, intermediate tints are obtained. Re- 
duced yellow chrome may be employed for other 
shades. Scarlet Chrome consists of mixed crys- 
tals of chromate, sulphate, and moybdate of lead 
(Thorpe, III, 113). 

Zinc Yellow, Zinc Chrome, or Butter Cup 
Yellow, ZnCrO^, is a beautiful yellow pigment 
prepared by the addition of hot neutral zinc sul- 
phate solution to potassium chromate solution. It 
is also prepared by treating zinc oxide cream in 


DICHROMATES & CHROMIUM COMPOUNDS 

water with sulphuric acid and precipitating zinc 
chromate by the addition of potassium dichromate 
solution. The precipitate, after settling, is washed, 
filter-pressed, and dried. A modified pigment con- 
taining potassium is obtained by the addition of a 
paste of zinc oxide in water to a boiling solution 
of potassium dichromate. The resultant product 
is slightly soluble in water, readily soluble in all 
acids, ammonia, and caustic soda. A semi-conti- 
nuous process for the manufacture of zinc yellow 
has been developed in U.S.A. (C/iem. Tr. J., 1949, 
124 , 425). 

The production of chrome pigments in India is 
estimated to be about 400- 500 tons per annum, 
the principal centres of production being Cal- 
cutta, Bombay, Amritsar, and Mysore. The 
annual requirement of those pigments is estimat- 
ed to be 1,000 to 1,200 tons. 

Chrome Alum — see Alum, chrome 
Chromic Acid 

Chromic acid is obtained by treating sodium 
dichromate and sulphuric acid (96%) in the ratio 
4-2: 3*04 in a steel tank fitted with an agitator and 
heating to 200" when the mass melts. The 
molten mass separates into two distinct layers, 
the upper layer consisting of sodium bisulphate 
and the lower, of chromic acid. The latter is 
drawn off into cast-iron pans, cooled, crushed, 
and packed (Chern. Tr. J., 1946, 118 , 405). It is 
prepared al.so by mixing excess of cone, sulphuric 
acid with a .saturated solution of potassium or 
sodium dichromate, or by digesting barium chio- 
mate with dilute sulphuric acid and evaporating 
the filtrate. It is possible to obtain chromic acid 
(98% purity in 90% yield) by treating potassium 
dichromatc with 68 % nitric acid and separating 
the chromic acid from the reaction products by 
fractional crystallization. The product thus 
obtained is suitable for chromium plating baths 
(Thorpe III, 102). 

Chromium acetate 

Chromous acetate, Cr(C 2 ^ 302 ) 3 ’lIoO , is pre- 
pared by the action of acetic acid on chromous 
hydroxide, followed by evaporation and crystal- 
lization. It can also be obtained by adding a 
strong solution of chromous chloride (by the 
reduction of chromic chloride with zinc and 
hydrochloric acid) to a saturated solution of sodi- 
um acetate. The precipitate formed is filtered 
and dried in vacuo. Chromium acetate is a grey- 
ish green powder or bluish green pasty mass, 
soluble in water and insoluble in alcohol. It is 
used in textile dyeing and printing, and in 
tanning. It is used as the starting material for 
the preparation of other chromous salts. A small 
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quantity of chromous acetate is produced in India. 

Chromium sulphate 

Chromic sulphate, Cr 2 (S()j)., xir 20 , is obtain- 
ed by treating chromic hydroxide with sul- 
phuric acid. It forms a series of hydrates ranging in 
colour from violet to green. The anhydious salt 
(sp. gr., 3 012) is a crystalline red powder. The 
15-hydrato (sp. gr., l-8()7) is the commercial pro- 
duct, and is available in dark green pearls, 
powder, and scales. It is soluble in water. The 
salt is obtained by heating the commercial salt 
to 325 or above in vacuo. Chromium sulphates 
are used as mordants in dyeing, in the prepaia- 
tion of green paints, varnishes, inks, and ceramic 
glazes, and in tanning. 

Chromic sulphate is a by-product obtained in 
all processes in which dichromati' and sulphuric 
acid are employed for oxidation purposes. As an 
example, the intioduction of the quaternary alloy 
of silver, copper, nickel, and zinc as a coinage 
metal by the Government of India necessital(Hi 
the use of a pickling bath of dichromate and sul- 
phuric acid fo!‘ treating the annealed coin blanks. 
For the recovery of chromium from the pickling 
bath (daily output. 500 gal. for 10 lakh coins per 
day), an electrolytic process, using lead anodes 
and coppt'r cathodes, separated by a porous dia- 
phragm, has been found satisfactory. Dichromate 
and sulphuric acid a?’c recovered almost quanti- 
tatively (Mitter & Dighe, J. scl. industr. Res., 
1943-44, 2, 11). 

Basic chromium sulphate, used in the tanning 
of hides, is produced in tanneri(^s by the reduc- 
tion of sodium dichromate, with ri'ducing agents 
such as sulphur dioxide, sodium thiosulphate, 
starcli, saw dust, molasses, glycerine, glycerine 
residues. 

CIGARS AND CHEROOTS 

Cigars and cheroots are made entirely of uncut 
tobacco by rolling three or four dill'erent varieties 
of tobacco leaves one above the other. They con- 
sist of three parts, the central core or the Tiller, 
the middle portion oi- the bunch wrapper wdiich 
binds tlie filler and holds it in shape, and the 
outer wrapper which gives it the distinctive 
appearance as regards colour, texture, and smooth- 
ness of feel. The filler is the cigar proper which 
gives to it its special smoking cpiality. Cigars are 
usually smoked by the upper class. They are 
generally truncated at one end and closed at the 
other; in a few^ varieties both ends arc either 
truncated or closed. Cigars have generally 
double wrappings. Cheroot is a cheaper and 
inferior type of cigar smoked by the middle class 
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mostly in the south; it has a single wrapping and 
is truncated at both ends. Cigars arc milder in 
flavour than cheroots. 

India is an important cigar manufacturing 
country, other producers being Burma, Cuba, 
Jamaica, Holland and a few other countries in 
Kurope, United States of America, Brazil, and the 
Philippines. Cigars and cheroots are principally 
consumed in south India, the per capita consump- 
tion in the Madras State being 372, as compared 
to 1 5 in the rest of the country. The per capita 

consumption in the whole of India works out to 
53. In Burma, the per capita consumption is 547 
{Rep. Marketing Tobacco in India & Burma, 
Marketing Ser. No. 10, 1938, 78). 

Cigar manufacture in India is carried out almost 
entirely in Madras State, the chief centres being 
Trichi nopoly and its suburb Woriur, Dindigul, 
and Madras City. High class cigars are exclu- 
sively made at Woriur, Dindigul, and Madras 
City. The qualities manufactured in Madras 
State are specially intended for export. The well- 
known cigars of Spencer and Co. arc made at 
Di.idigul. The labour force at the Spencer’s fac- 
tory increased from 173 in 1939 to 437 in 1944. 
Cheroots are manufactured all over Madras on a 
cottage industry scale, the most important centres 
b('ing Trichinopoly and Woriur. A few cheroot 
factories also rnaki' cigars. Cheroots are manufac- 
tur(?(l in Madras and Hyderabad on a small 
scale. There are at present 7 factories in Madi’as; 
Trichinopoly along w'ith Woriur has nearly 400 
cigar factories registered with the Excise Depart- 
menl, and Dindigul has 15. Cheroots and cigars 
are also made in Orissa and West Bengal. 

Raw materials . — The three parts of a cigar or 
cheroot require different qualities of tobacco. 
Filler tobacco should have a sweet, pleasant 
aroma, emit an agreeable odour on burning, and 
should burn evenly with a firm white ash. The 
leaves used arc medium to thick and light dark 
brown in colour. The size of the leaf is not im- 
portant. Leaf of the quality required, the 
Usikkappal variety, is grown in Trichinopoly and 
Coimbatore districts of Madras. They are brown 
to dark brown in colour, and have a thin texture 
and strong Ilavour. Filler tobacco is also imported 
from Rangpur (Eastern Pakistan), the imported 
varieties being Pennsylvania, Sumatra, and 
Burmese Havana. For high class cigars, the 
Indian filler tobacco is blended with imported 
qualities — Havana, Brazil, Manila, and Java-- 
to mellow the strength and the flavour. Filler 
leaf for cheroot is obtained mainly from East 
Godavari and Madura districts (the Manna- 
kappal variety) and from Trichinopoly and 
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Coimbatore districts (the Usikappal variety) espe- 
cially from Erode, Arvankurchi, Metlupalayam, 
Bhawani, Thamrnanpatti, and Dindigul (Rep. 
Marketinp Tobacco, 324). The tobacco known as 
Jati, ^^rown mainly in north Bengal, is used in 
Burma. There are several varjelies of Jati but 
the Bhengi variety, which is greenish brown in 
colour, medium in texlure and strength, about 
15 -22 in. long and () 12 in. broad, is the one 

commonly employed. This tobacco is known as 
Poola Common in the Calcutta market. The 
other varieties used are Meenampalayam, Vatta- 
kappal, and Yerumaikappal, all grown in Coim- 
bator(% Chebrole grown at Ch(‘brole (Guntur I)t.), 
a. id Lankas grown on the exposed land in the 
river beds of Godavari and Kistna in East and 
West Godavari and Kistna districts. The price 
of tiller tobacco growm in India varies from -/4/- 
to Re. 1 per lb. exclusive of duly. 

Filler tobacco for cigars generally contains 2.1 
3.1G nicotine, although some brands made in 
Trichinopoly contain only . The common 
twisted cheroot of Madras is made from U‘af hav- 
ing a nicotine content up to 51'# {Rep. Marketimj 
Tobacco, 2G). 


Hinder tobacco used for keeping the tiller in 
place should be broad and line' in structure. It 
should be lighter in shade than filler tobacco. 
Indian leaf is us(?d for binding inferior qualilic's, 
although some of the varieties are good enough 
to bi^ used as substitutes for imported bindc'r 
tobacco. These varied ies are available from the 
same? areas as those growing liller tobacco, and 
the piic(i varies from Re. 1 to Ks. 3 per lb. exclu- 
sive of duty. For high class cigars. v\dhch are 
exported, binder tobacco is imported from Java, 
Sumatra. Havana, and Manila. 

The wiapper k‘af should be broad (9 12 in.), 

elastic, pliable*, and soft. It sliould be glo.ssy and 
light(‘r in colour than eillier the fillc‘r or the binder 
tobacco. A greenish brown colour is preferred. 
It must be free from any pronounced flavour and 
devoid of any bitter taste. Generally middle 
leaves are seh'cted foi‘ wrapper purposes. Wrapper 
foi* high grade cigars is invariably imported from 
Rangpur (Eastern Pakistan), Sumatra, Florida, 
and occasionally from Java, Havana, Manila, and 
Holland, the value of imports to Dindigul and 
Trichinopoly for cigar manufacture in the pre-War 
years bein:; Rs. li — 2 lakhs. The imported 



Fig. 33.<— Storing ot tooacco in a cigar ractory 
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wrapper tobacco is thin in texture, silky, elastic, 
and bright in colour. Also, the veins are almost 
at right angles to the mid-rib and the interspace 
between the veins is wide. This is an important 
characteristic of wrapper tobacco. Its burning 
quality is also superior. A type of wrapper leaf, 
light brown to dark brown in colour, is grown in 
Rajahmundry and utilized for the less expensive 
brands of cigars. The price of Rajahmundry 
wrapper leaf ranges from Re. -/12/- to Rs. 5 per 
lb. exclusive of duty. 

Wrapper leaf required for cheroot is wholly 
grown in India. The variety Kistna Lanka is 
used at Madura in addition to locally grown 
tobacco. This type is used for straight cheroots 
but for twisted cheroots, a leaf of medium thick- 
ness is preferred. 

The production of cigar and cheroot leaves 
during 1934-35 was 5,044,000 lb. and 123,986,000 lb. 
respectively (Rep. Marketing Tobacco, 28). Ex- 
cepting for a small quantity of cheroot leaves 
which are ground cured, almost the entire quan- 
tity of cigar and cheroot leaves are rack cured 
under shade. The selected leaves arc graded 
according to colour and quality, and tied into 
bundles of 20—40 leaves. They are placed in 
heaps for fermentation which takes 1-3 months. 
The bundles are turned over from time to time. 
Cured tobacco is dried, pressed, baled, and stored 
till required for use. 

Manufacture 

The leaves received in the factory are first 
moistened with a water spray to make them 
pliable for stripping, and .sorted into filler, binder, 
and wrapper tobaccos. The filler leaf used for 
cigars is moistened again and the ribs removed. 
No further treatment is necessary. Some manu- 
facturers, however, add essential oils for flavour- 
ing. The tobacco is dried and blended with other 
grades of tobacco. In the case of cheroots, the 
filler leaf is often, as at Cannanore, subjected to a 
forced sweating by immersion in treacle water 
for a few minutes and keeping overnight. 

For binder and wrapper tobacco, special atten- 
tion is paid to stripping to prevent spoilage 
through' tearing. Care is necessary in the 
cutting of wrapper tobacco to ensure that the 
side veins run straight up and down the cigar. 
The leaves are cut to proper shape and rolled in 
separate bundles in a moist condition ready for 
use. 

In India and Burma, the manufacture of cigars 
and cheroots is done b> hand, no machinery being 
employed. In Holland, United States of America, 
and other countries, most of the operations are 
carried out with the help of machinery, wrapping 



Fijf. 34. — Cigar rolling 

being done manually by skilled workers. The 
filler leaves are placed on a bunch wrapper and 
wound round into small cylinders. Rough cigars 
and cheroots are spirally wrapped with leaf strips 
commencing from the open or lighting end, and 
the edges are fastened securely with a gurn which 
must be tasteless and colourless. To ensure a uni- 
form product the cylinders or bunches are kept 
under pressure in a wooden mould (each mould 
having provision for 20 bunches, and made 'in 2 
pieces) for some lime. The wrapper leaf, which 
is kept ready in a rolled form, is then applied in 
a moist condition over the rough product. In the 
case of cheroots, the smoking ends are cut imme- 
diately after rolling. The cigars and cheroots so 
made are gauged, cut to proper lengths, and sorted 
according to size and colour. The moisture in the 
finished products is reduced to about 10-15% 
during storage in a conditioned drying room. 
Packing is usually done immediately after the 
product is taken out of the drying room. In the 
case of some cigars, a steaming treatment at 150 — 
160° is given to render them immune to insect 
attack. Ring labels are put on the prepared pro- 
ducts, which are then packed in boxes containing 
25, 50, or 100 cigars or cheroots. Cigars are often 
wrapped in cellophane paper before packing. 

Cigars are made in lengths of 3.i, 3J, 3J, 4^, 5, 

5^, and 6 inches. Cheroots are made in lengths 
of 3, 34, 31, 4, 41, and 5 inches. 

Some of the imported brands of cigar manufac- 
tured in India are: Monaco Imperial Coronas, 
Coronas Majors, Purescos, Dindigul Coronas, 
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Fiir. 35. — ArranKinK cigars in luoiiids 


Flor do Madras. Coromandals. and Rex Coruna;:. 
A lew popvdar brands ol oheiouts aie Pl.anleis 
Special, Flanlers Ordinary, and Oiienlal Clierouls. 

• l.ai'f'e quantities o£ cigai' packing bu.xcs aio 
made in south India from Cedreki (ouna. 
rachUi iadiai. and Melia eoiripo.sita (TroUer, -h). 
The boxes are covered by cellophane or other 
grease pioof paper and packed in huge wooden 
cases of varying sizes. The more usual size is 
2.1 ft.x2 I'l. X U It., a packed case weighing I-.. -- 
md. and containing 3.1)00 4.000 cigars. 
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cheroots. 

The major part of the dutiable cigars and 
cheroots is made from indigenous tobacco. The 
production of cigars containing imported tobacco 
in addition to indigenous tobacco was 3-53 millions 
in 1948-49 and 2-.'i.'r millions in 1949-50. 

/mj)ort.s'.- Imports of cigars into India ai’c small. 
Some riuantity is imported from Burma and still 
smaller quantities from the Philippines. United 
Kingdom, Hongkong, the Netherlands, and Cuba. 
The cigars manufactured in Cuba (Havana cigars) 
are regarded as the best in the world. Table 2 
gives the annual imports. 


Production and Tkadk 

Table 1 gives the production of cigars and 
cheroots (price. 12 annas and above per hundred) 
in India. The ligures given m the Table are 
only a fraction of the total production and 
relate to products which are subject to excise 
duty. The bulk of cigars and cheioots produced 
in I'.idia is priced less than 12 annas pei 
hundrc'd and is not subject to excise duty. I ro- 
duction data for such cheroots are not available, 
but an idea of the production may be had Jiom 
the quantity of tobacco consumed. The total 
quantity of tobacco consumed for the production 
of cigars and cheroots was; 49-39 million b. in 
1947-48 52-59 million lb. in 1948-49. and 49-10 
million lb. in 1949-50. Approximately 5 million 
lb of tobacco arc consumed in the making ot 
taxable cigars and cheroots made in i^toiies^ 
The rest is consumed mostly m smallei t.stabli. 
ments and factories for making cheap non-taxable 
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Up to 1942, Burma was the principal supplier, 
Philippines coming next. Imports of cigars are 
subject to a revenue duty of 37 A'! r ad valorem 


Rs. 15-10-0 per Ib. 

Exports. — A considerable quantity of cigars 
manufactured in Madras State is exported. The 
export, however, has recently diminished, chiefly 
because of increased duties in importing countries, 
increased consumption of cigarettes in preference 
to cigars in those countries, and the difficulty in 
obtaining sufficient tobacco of the qualities 
required. Table 5 summarizes the annual exports 
of cigars from India. 

In 1938-39, Madras supplied 86*3^^ of the total 
quantity of cigars exported to the United King- 
dom, Straits Settlements, Siam, and other 
countries. 

Prices. — Table 4 gives the prices (Dec. 1949) of 
various brands of cigars and cheroots. 
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CIGARETTES 

Cigarettes consist of finely cut tobacco rolled 
in specially manufactured paper. Their use has, 
in recent years, increased considerably, particu- 
larly in urban areas. During 1934-35, the per 
capita consumption of cigarettes in undivided 
India was 20, the per capita figures in the different 
States being; Assam, 44; Bombay, 41; Baroda, 39; 
Mysore, 37; Hyderabad, 30; Punjab, 20; Bengal, 
19; Bihar, Orissa, Central Provinces, and Kashmir, 
15 each; and U. P. and Madras, 10 each (Rep. 
Marketing Tobacco, India & Burma, Marketing 
Ser. No. 10, 1938, 77). 

Prior to World War I, the indigenous manufac- 
ture of cigarettes was mainly concentrated in and 
around Calcutta and at Monghyr (Bihar). The 
industry was of a modest size, and the Eastern 
India Cigarette Manufacturing Co., Dum Durn, 
were the principal manufacturers employing, on 
an average, 1,150 labourers out of a total labour 
force of 1,454 employed by the industry. The 
production increased after the War and new 
factories, big and small, sprang up all over the 
country to meet the increased demand. There 
are at present 21 factories, the principal ones 
being the Tobacco Manufacturers (hidia) Ltd., 
with factories at Monghyr (Bihar), Saharanpur, 
Bangalore, Calcutta, and Bombay; The National 
Tobacco Co. of India Ltd., Calcutta; Godfrey 
Phillips India Ltd., Bombay; Golden Tobacco Co. 
Ltd., Bombay; All Gold Tobacco Co., Calcutta; 
Jarnes Canterbury Lid., Calcutta; International 
Cigarette Factory, Howrah; James Hilton i& Sons, 
Bombay; Union Tobacco Co. Ltd.^ Calcutta; 
Deccan Tobacco Co. Ltd., Poona; Macropolo and 
Co. Ltd., Bombay; Maple Tobacco Co. Ltd., 
Bombay and Bezwada; Vazir Sultan Tobacco Co., 
Ltd., Hyderabad; and Hyderabad Deccan Cigarette 
Factory, Hyderabad. The elimination of foreign 
competition and the increased demand for cig- 
arrettes during the War contributed to the 
phenomenal growth of the indigenous industry. 
A number of factories, mostly in Bombay, came 
into existence during the War period. Employ- 
ment of labour increased (the increase in Banga- 
lore alone during the period 1939 — 1944 being 
103'O. and a change from single to double shift 
working became neces.sary. Almost all the well- 
known brands such as Player No. 3, Wills Gold 
Flake, Three Castles, Capstan, Players, Wills, 
Scissors, Passing Show, and Berkeley are now 
manufactured in Indian factories. 

Raw materials. — The principal raw materials 
required in cigarette manufacture are tobacco and 
cigarette paper. The tobacco should have 
certain specific characteristics — ^strength, burning 
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character, ash, and aroma or flavour. The tobacco West Godavari districts, and the Desi variety 
is judged by the physical characteristics of the grown in Muzaffarpur are used in the manufacture 
cured leaf, viz., colour, texture, size of leaf, and of the cheaper brands of cigarettes. The Guntur 
freedom from blemish. The Virginia leaf, most (Natu) variety having a light to dark brown 
extensively employed in the cigarette industry, is colour, moderately thin texture, and pleasing 
12- 18 in. long and 6--9 in. wide, although smaller aroma is the more important, while the Muzaffar- 
sizes 6 ia. x3 in. are also used. The presence of pur (Desi) variety with an earthy flavour is not 
diseased patches and damaged leaf is particularly so popular. 

objectionable. The annual production of flue cured Virginia 

Strength is perhaps the most important factor in tobacco in India is estimated at about 70 million 
smoking quality. Cigarette tobacco should be lb. and that of the sun cured (or rack cured) 
mild with a nicotine content of not more than Virginia at about 5 million lb. The output of 
2,1 /f ; it may be as low as y/f . Colour and texture Natu tobacco in Guntur district was estimated 
arc usually an index of strength. The colour of at 47 million lb. in 1947-48. Prior to World War I, 
cigarette leaf ranges from bright lemon to reddish 22 23 million lb. of leaf were annually consumed 
brown. Darker and thicker leaves arc considered by the industry (Rep. Marketing Tobacco, 321). 
to be stronger. Cigarette leaf should be thin, fine, In 1947-48, about 38-5 million lb. of Virginia 
and silky, but if very thin and papery, it will not tobacco were used for cigarette manufacture 
stand cutting. Harri.s()n Special, the leaf of choice (Information from the Indian Central Tobacco 
for cigarette manufacture, is thin, fine, and silky Committee). The total quantity of tobacco used 
in texture, and has suflicient body to withstand in cigarettes during 1948-49 (ending June) was 
cutting. 40-33 million lb., of which 7-48 million lb. were 

The tobacco should have a uniform, slow, and imported. The total quantity of cigarette tobacco 
continuous burning character and should leave a cleared during 1949-50 was 30-69 million lb. 
white ash. It should have a pleasing flavour and (Information from Central Excises), 
be free from pungency, earthy odour, or any The Indian Leaf Tobacco Development Co. are 
unusual aroma the main purchasers of cigarette leaf produced 

Details regarding the physical characteristics ; both for export and for sale to factories in India, 
of tobacco leaf for cigarettes are given in the ij Curing.— Almost the entire quantity of Virginia 
Tobacco Grading <& Marketing Rules, 1937. t'lleaf used in cigarette manufacture is fiuc cured, 

Natu or Desi leaf is thin to medium in texture, a small amount is rack cured. Flue curing is 
possesses a plea.sing aroma, and is of mild or adopted in Guntur for curing the better qualities 
neutral strength; sometimes, it has an earthy of Natu tobacco. Flue curing is carried out in 

odour. The length of the leaf is about 15 in. and thn e stages in barns, 16 ft. x 16 20 ft. x20 ft., arti- 

the breadth, between 6 and 9 in. The colour ficially heatc?d by flue pipes leading from furnaces 
ranges from light to dark brown. The light and in which coal or wood is burnt as fuel. In the 
medium -coloured grades are used in the manu- first stage, which takes 30—40 hrs., the leaf is 
facture of cheap cigarettes, and the darker grades yellowed at moderate temperature (85 — 100"F.) 
are sold as pipe and shag tobacco, and high relative humidity. In the second stage. 

Imported leaf was being largely used in the the colour is fixed by holding the leaf at about 
indigenous cigarette industry up to 1930-31; 120'"F. for 16- 24 hrs., the moisture from the leaves 

the use of leaf grown in India has increased a being allowed to escape through barnridge venti- 

great deal since then, though large quantities of lators. In the third and last stage, the ventilators 

Virginia leaf, mostly from U.S.A., are still used iii arc closed and the temperature raised to 165 'F. 
the production of certain brands. The pre-War The leaf is then left in the barns overnight with 

average of a.inual imports was about 2-5 million doors open so that the tobacco absorbs moisture 

lb. India imported on an average about 7-45 from the air and permits ready handling. The 
million lb. annually from the U.S.A. during the whole process takes 5 — 6 days, and the weight of 
quinquennium ending 1943-44. the leaf is reduced to 18%. Flue curing yields 

India holds a high place among the cigarette leaf of good colour and texture free from blemish, 

tobacco producing countries of the world. Harri- Of the 32-85 million lb. of indigenous tobacco 
son Special is the type of Virginia tobacco grown consumed in 1948-49, about 22-6 million lb. were 
in all the cigarette tobacco growing tracts in ^ flue cured. The imported tobacco used in 
India — Guntur, Kistna, and East and West' cigarette manufacture is all flue cured. 

Godavari districts, My.sore, and Satara. The Natu k In rack curi.ig, the leaves are stitched on 
variety grown in Guntur, Kistna, and East and ^strings tied to racks specially erected, and left in 
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the sun or under shade. Rack curing is usually 
adopted for Natu tobacco. 

Ground curing is the most common method 
employed in India for curing hookah and chewing 
tobacco. It is employed to a small extent in Bihar 
(Muzaffarpur Dt.) for curing Desi tobacco. The 
leaves are spread on the ground in the morning, 
stirred occasionally to prevent overheating, and 
collected into heaps in the evening. The process 
is continued until the midrib is quite dry. The 
leaves arc then stripped from the stem. 

Paper . — The paper used for wrapping cigarettes 
is a special type of close-textured tissue paper, 
free from pinholes, and conforming to a large 
number of exacting specifications. Thus, the 
paper should be clear and white, should not 
absorb colour from tobacco, should have suflicient 
tensile strength so that it can be used on machines 
turning out about 1,200 cigarettes per minute 
without tearing, should have the proper degree 
of combustibility — neither too slow nor too fast — 
and should be free from impurities which may 
affect the flavour of tobacco. The paper is made 
from selected raw materials like ramie, sunn 
hemp, and linseed fibre, and loaded with pure 
chalk to slow down the rate of combustion to the 
desired extent. It is lightly sized with rosin and 
alum. The weight of paper in a cigarette consti- 
tutes about 5V< of the total weight, and approxi- 
mately 13 bobbins of paper arc required for the 
manufacture of one million cigarettes. A part of 
the tissue paper used in Indian factories is 
obtained by import from U.K., France, Yugoslavia, 
and U S.A. Imports in recent years have decreas- 
ed considerably. Paper of the required quality is 
being manufactured in India during the last 3 
years by the Eastern Tissues Ltd., Raniganj, their 
approximate annual production capacity being 
480 tons. A new factory, Tribeni Tissues Ltd., 
with an annual rated capacity of 3,000 tons, is 
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being erected near Calcutta. The present annual 
production of cigarette paper in India is estimated 
at 144,000 bobbins, which meets only 50%. of the 
requirement. Table 1 gives the annual imports 
of cigarette paper from U.K. 

in 1945, c. 12,650 cwt. of cigarette paper valued 
at c. $559,700 were imported from U.S.A. 

Manufacture 

The manufacture of cigarettes involves a num- 
ber of elaborate and complex processes. Grading 
and blending of tobacco, on which depend the 
character and aroma of the manufactured product, 
are operations demanding extreme care. For each 
brand of cigarette, the correct grades of tobacco 
should be selected and blended in the right pro- 
portions. Crops of selected tobacco raised over a 
number of years arc mixed together for use in 
cigarette manufacture to ensure uniformity. 

Cigarette manufacture in its several stages is 
a highly mechanized process. The machinery in 
the different sections of a cigarette factory is 
operated in batteries of large numbers. The 
leaves are stored in an air-conditioned ware- 
house. For any given brand, a particular blend 
of several types of leaves in specified proportions 
is necessary. As the tobacco leaves received in 
the factory are too dry for processing, they are 
passed through a series of conditioned chambers 
where they are treated with live steam and water 
to render them soft and pliable. They are stack- 
ed in heaps for maturing. The matured leaves 
which are sweet and mellow, are pressed between 
pairs of rollers and cut by shearing blades into 
shreds (about 30 to 40 cuts or more per linear 
inch of the leaf). Stems are separately condition- 
ed and flattened out by rolling prior to cutting. 



Fig. 3Q.— Shredding of cured idbacco leaf 
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Fig:. 37. — A battery of marhines for iiiakint;^ rigarettes 

The cut leaves and stems in required propurtions foldin;; unit where it is mechanically gummed 
are passed through a revolving cylinder in which arid foldi‘d over Ihe tobacco. The product thus 
hot air is circulated lo remove excess moisture, made is an endless cigandle rod which is cut into 
and then cooled in another revolving cylinder, the desired lengths by a last revolving steel knife as 

dust being sieved out at the same time. This it passes under it. 

operation helps also to mix the cut leaves and The cut cigarelU'S, after inspection, are condi- 
stems thoroughly. The product so obtained is tioned in travs in snc'cial rooms maintained at 
stored under regulated humidity conditions for a about 60' r humidity. For manufacturing cork- 

couple of days for further maturing before ust‘. tipped cigarettes, the paper before receiving the 

The cut and dried tobacco is fed into hoppers tobacco passes through a cork-tipping apparatus 

of cigarette forming machines which aie capable which fastems the tips securely at rc'gular inter- 

of making llOOO- 1,200 cigarettes per minute, vals. 

Here the shreds are carded and drawn over a The conditioned cigar('tlos are finally pa(*ked in 
wide chute 1^ revolving rollers. The material is cartons of 10 or are vacuum-packed in tins of 50 by 
laid uniformly on paper unwound from bobbins, automatic machines. Prior lo packing in cartons. 
Before receiving the tobacco, the paper passes the cigarettes are wrapped in aluminium foil, 
through a srt^ll printing unit which imprints the The cartons are covered by cellophane, and pack- 
maker’s name, brand, etc., on the paper. After cd in water-proof outers, each parcel contain. ng 
receiving the tobacco, the paper passes through 500 cigarettes. The parcels are packed in wooden 
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Fiff, 38. — Cigarettes stored in an 
cases of various sizes. High class cigarettes are 
packed in cases weighing 1^—2 md., each case 
containing 25,000 -30,000 cigarettes. Cheaper 
brands are consigned in wooden cases weighing 
3—31 nid. and containing 50,000 cigarettes. 
Foreign cigarettes and cut tobacco are consigned 
in deal wood cases (3 ft. x22 ft. x2 ft.) weighing 
about 2K md. and containing 25,000 cigarettes. 

The cigarettes produced are round in form, 25, 
25-5, or 26 mm. in circumference and 70 or 72 
mm. in length. 

The moisture content of the cigarette is an 
important factor as it affects the smoking and 
kee^ping qualities. If the tobacco is too dry, it is 
liable to break off and drop out of the open ends; 
it burns too freely and rapidly and the smoke 
is strong, sharp, and pungent. On the other hand, 
if it is too moist it will not burn properly and 
will need excessxve puflmg on the part of the 
smoker; also the smoke lacks quality. Cigarettes 
are conditioned to retain moisture which is 
the optimum (TobaccOy 1946, 123 , No. 6, 6). Li the 
United States of America, glycerine (2-3[i on 


air-ronditioned room for curing 

the weight of tobacco) or diethylene glycol 
(3 -4%) is added to increase the moisture holding 
properties of tobacco. No additives are used for 
this purpose in Indian factories. 

Production and Trade 

The average annual production of cigarettes in 
1938 was estimated at 7,500 million (Rep. Market- 
ing Tobacco. 321). The production in 1946, 1947, 
1948, 1949, and the first len months of 1950 was 
23,821, 18,879, 21.825, 21,891, and 19,585 millions 
ix'spectively. The installed capacity of the plants 
is 30,000 million cigarettes per annum (Monthly 
Statistics of the Productio7i of Selected Industries 
of India). 

Imports . — Large quantities of cigarettes were 
imported into India during the years imme- 
diately following World War I. 4-13 million lb. 
of cigarettes, valued at Rs. 180 lakhs, were import- 
ed annually during the quinquennium 1921- 26. 
The imports declined since 1930-31, and the manu- 
facture of cigarettes using home-grown tobacco 
steadily increased. Indigenous manufacture was 
stimulated by the Swadeshi movement leading to 
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the boycott of foreign goods. About 99^, c- of 
Indian requirements arc now met by indigenous 
production. Table 2 gives the imports of 
cigarettes into India. 

The principal supplier of cigarettes is United 
Kingdom, her average annual share in the import 
during the quinquennium ending 1948-49 being 
93*7yf, in quantity and 95-0^' in value. 

Data relating to exports of Indian cigarettes are 
summarized in Table 3. 

Exports showed a remarkable increase between 
1936-37 and 1940-41 -from about 0*3 million lb. 
to 1-63 million lb. The increase in exports after 
1947-48 is mainly due to the partition of the 
country. The principal importers of Indian 
cigarettes are Ceylon and Pakistan. 

Due to the varying rates of taxation, and the 
wide range of income groups, the qualities and 
prices of manufactured cigarettes in India show 
greater variations than in any other country. 
Imported cigarettes and the products made in 
India with high proportions of imported tobacco 
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are the most expensive. Cigarettes containing a 
reduced proportion of imported leaf come next, 
followed by those containing only Indian flue 
cured tobacco. Brands made from rack cured 
tobacco, which bear the lowest rate of taxation, 
are priced the lowest. Imported cigarettes are 
usually retailed at about Ks. 4 per tin of 50, and 
cigarettes made in India vary from about 
Rs. 3-8-0 to 72 as. for 50. 

Cigarettes are subject to import duty. The 
imposition of heavy import duties gave an im- 
petus to the manufacture in India of cigarettes 
from home-grown and imported tobacco. 
Imports are at present subject to a revenue duty 
of 37 ad imlorem plus Rs. 39-1-0 per 1,000 or 
Rs. 15-10-0 per lb., whichever is higher. The duty 
on imported tobacco is Rs. 9-6-0 per lb. The duty 
on exports of cigarettes, which was reduced from 
15" < to 7y,r towards the close of 1949, has been 
recently abolished in order to encourage exports. 

All forms of processed tobacco used in cigarette 
manufacture are subject to excise duty, the duty 
varying according to the variety of tobacco and 
the content of imported tobacco in the processed 
product. The duty ranges from Re. 1 per lb. on 
Hue cured tobacco when no imported tobacco is 
used, to Rs. 7-8-0 per )b. when the cigarette con- 
tains more than 60% by weight of flue cured 
imported tobacco. Tobacco, other than Hue cured, 
is subject to an excise duty of 9 as. per lb. The 
revenue realized during 1946-47 from tobacco used 
in cigarette manufacture was approximately 
Rs. 8 crores. 

Since March 1948, an excise duty has been 
imposed on manufactured cigarettes, the duty 
varying according to their selling prices. The 
rates of duty per 1,000 cigarettes are, Rs. 12-8-0 
(Rs. 50 and above), Rs. 10 (Rs. 40 50), Rs. 7-8-0, 
(Rs. 30 40), Rs. 6-4-0 (Rs. 25 -30), Rs. 5 
(R.S. 20 -25). Ks. 3-12-0 (Rs. 15-20), Rs. 2-8-0 
(Rs. 10—15), and Rs. 1-4-0 (< Rs. 10), the figures in 
brackets indicating the prices. The realizations 
from ad valorem duty during the years 1948-49 
and 1949-50 were respectively Rs. 6*28 crores 
and Rs. 5-81 crores. 

CLOCKS AND WATCHES 

The clock is a time-measuring instrument in 
which an oscillating pendulum is employed as 
time counter; the term is applied also to station- 
ary time-indicating mechanisms, controlled by a 
balance wheel and spring, employed either alone 
or in conjunction with other instruments. 
Watches are small-sized portable instruments for 
personal wear or adornment and used for pur- 
poses requiring the measurement of time. 


117 



CLOCKS AND WATCHES 

The componcnls ot a clock or watch mechanism 
are: (1) a source of motive power, (2) a device 
for controlling and regulating the expenditure of 
power, and (3) a ‘train’ for the transmission of 
motive power to the ‘escapement’ and time- 
indicating device. The souice of motive power- 
may be a raised weight or a coiled spring, or it 
may be an elt.'ctrical device. The motion is re- 
strained by the intermittc'nt action of the escape- 
ment and controlled by the swing of a pendulum 
oi’ the vibration of a balance wheel and its spring. 
The train consists of a series of toothed wheels 
and pinions between the driving force and the 
escapement. In some cases, a striking mechanism 
is operated in conjunction with the visual record- 
ing mechanism; an (dectiical signal, a paper-reel, 
or other method for recording the lime may also 
be employed according to lequirements (Haswell, 
20 ). 

Clocks 

In the more usual types of clocks, the counting 
and maintenance of time ai’e both performed by 
the escapement. The clocks are either weight- 
driven or spring-driven. Some are fitted with 
calendars, alarums, and striking and chiming 
mechanisms to mark hours, half hours, and 
quarler hours. 

The motive power in weight-driven clocks is the 
potential energy stored in the weight. Three 
types of weight-driven clocks are in use: (1) 
Regulators used in castronomical observatories and 
in institutions where high accuracy in time 
is demanded, (2) long-case or Grandfather clocks, 
and (3) turret clocks built into towers of churches 
and public buildings. 

Spring-driven clocks derive their motive power 
from the energy stored in coiled springs. A large 
variety of such clocks are available. They may 
be grouped into three classes, viz., bracket, dial, 
and portable clocks. 

The actual time counter is the pendulum, its 
motion being maintained by the escapement, 
which gives periodic impulses while, at the same 
lime, the motion of the escape wheel is arrested 
until the oscillation of the pendulum is completed. 
The escapement thus serves as a mechanism for 
both counting and impelling the pendulum. It 
consists of a toothed wheel driven by two pallets 
engaged by the teeth of the escape wheel. The 
shape of the pallets and their distance from the 
pallet arbor in comparison with the radius of the 
escape wheel arc important. 

Domestic clocks are fitted with recoil escape- 
ments. The wheel is driven backward slightly by 
the motion of the pendulum after the impulse is 
transmitted and the next tooth engages the lock- 


ing. As a result, the second hand carried by the 
arbor of the escapement recoils a little after each 
tick. Astronomical regulators and turret clocks 
are provided with dead-beat escapement which 
does not show the recoil. The locking faces of the 
pallets and the wheel teeth are so made that when 
a tooth engages the locking, the wheel remains 
stationary during the completion of the oscilla- 
tion of the pendulum. During the period of rest 
on the locking, the power behind an escape wheel 
may either continue to press each tooth in turn 
against the moving surface of the pallets causing 
friction or is cut off, as it were, from the pallets 
while the pendulum is permitted to swing freely 
(Hasw^ell, 46). 

The train of a clock consists of a series of tooth- 
ed wheels. The series of wheels comprise units 
having alternately large and small number of 
teeth. Tn the ordinary clock, a ‘great wheer is 
directly driven by the motive power. The wheel 
is linked to a centre pinion and wheel which 
completes one revolution per hour. Hence it car- 
ries the minute hand. An intermediate pinion 
wheel is sometimes used to prolong the duration 
of the driving force. The centre wheel engages 
the ‘third’ pinion and wheel, which in turn drives 
the escape pinion and wheel. The second hand is 
fixed to 1h(' arbor of the escape pinion which 
rotates once in a minute. An auxiliary motion 
work enables a wheel to rotate at 1/12 or 1/24 
of the velocity of the centre arbor for recording 
hours (Haswell, 57). 

The striking mechanism consists of a separate 
train driven by a second weight or coiled spring. 
Another ti’airi, distinct from the going and strik- 
ing mechanisms, is employed for producing 
chimes. 

In electric clocks, the pendulum swing is electri- 
cally maintained and a separate mechanism is 
employed for counting. Electrical clocks may be 
self-contained or a master clock may be used for 
controlling a number of slave dials. Electrically 
wound clocks and synchronous motor clocks are 
al.so in use. 

Watches 

Portable time-pieces and watches consist of a 
frame work, a main-spring a.id a means for wind- 
ing it, a train of wheels with hands and a dial, the 
escapement, balance wheel, and hair spring. 

The motive power is obtained from a coiled 
main-spring. Two different types of mainsprings 
are used: (a) those known as Lever and (b) those 
known as Going Barrel, Geneva and Lepine, the 
latter being more modern. The increased length 
and reduced strength of the latter type 
minimize to some extent the variations dn force 
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between consecutive coils of the spring. 

The time is controlled by a balance wheel and 
a balance spring. The balance wheel moving over 
a vertical axis vibrates to and fro describing an 
arc of a circle. In most modern watches the 
wheel makes 18,000 to-and-fro vibrations in an 
hour. Each vibration releases a tooth of the 
escape wheel from one of the two pallets. An 
additional wheel and pinion, known as the 
‘fourth' wheel and pinion, is employed to utilize 
the more frequent vibrations in a watch. This 
wheel makes one revolution in a minute. The 
pinion is provided with a pivot which projects 
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through the dial and carries a seconds hand. In 
the case of a balance wheel which executes 18,000 
to-and-fro motions in an hour, the escape wheel 
has 15 teeth, and the period of a complete rotation 
is 6 seconds. Table 1 gives a few combinations of 
wheels frequently employed in watch trains. 

The earlier watches were fitted with recoil type 
verge escapement. It was replaced by Graham’s 
cylinder or horizontal escapement which was 
brought to perfection in Switzerland and is still 
use-'d in low-priced watches. Watches are now 
provided with lever escapement. The chrono- 
meter escapement, which is equally satisfactory, 
is not adaptable to pocket watches. 

Modern American and Swiss watches employ 
lever escapement which differs from the old 
English form in having levers at right angles to 
the line of pallets and not parallel to them, as in 
the English form. The pivots of the escape wheel, 
lever, and balance are planted in a straight line. 
The action between the escape wheel and the 
pallet is similar to that in the dead-beat clock 
escapement, the difference being that in the 
former the impulse lasts from about 4 before to 
5' after the zero position of the lever. The roller 
is mounted on the balance staff and receives the 
impulse from the lever by its D-shaped pin 
(Rawlings, 162). 

Production 

Mass production techniques arc employ(‘d in the 
clock and watch industry in many countries. The 
components are made by two processes: (1) 
machining or turning, and (2) blanking and press- 
ing. 

Raw materials . — Brasses and steels ol various 
specifications are required in clock and watch 
manufacture. Many components are made from 
leaded brass. Three types of alloys are used: 
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TABLE 2. TYPES OK CARBON STEEL HEQUIUED FOK CLOCKS AND WATCHES* 

Anulysis Mocliani.*al properties 
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(1) B.S.S. No. 249: Cu, 55 60%; Pb, 2- 3-5%; 
impurities, 0-75' r max.; and Zn, remainder; mini- 
mum tensile stress, 25 tons/sq. in.; (2) alloy con- 
taining: Cu, 58—60; Pb, 1-5 2-0%: Sn and Fe, 
0-10% max. each; impurities, 0*50% max.; and 
Zn, remainder; minimum tensile stress, 30—38 
tons/sq. in.; and (3) alloy containing: Cu, 
60-63%; Pb, 2-0%; impurities, 0-75S max.; and 
Zn, remainder (Tricker, J. Inst. Met., 1949, 75 , 
883). 

Pinions, spindles, screws, arbors, etc., are made 
from sulphurized free-cutting mild steel rods 
(tensile strength, 37—42 tons/sq. in., and hard- 
ness, 70- 200 D.P.N.). For bearing screws, the 
steel is cyanide-cased. Table 2 gives the types 
of carbon steel rod materials required for the 
manufacture of clocks and watches. 

Blanked and formed components . — Plates and 
wheels are made from special biass, preferably 
a'fi type, as in many clock movements the bear- 
ings of pinions are merely holes in the plates. 
Brass strips for stamping and piercing holes 
should produce no burrs, must be dead tlat, and 
must remain tlat after stamping. Leaded brass 
is suitable. The strips are cold rolled to 140 -165 
D.P.N. (tensile strength, 33—37 tons/sq. in.; 
elongation, 7 — 20'() for plates and large wheels, 
and to 160- 190 D.P.N. (tensile strength, 37 40 
tOns/sq. in.; elongation, 3 -9%) for other wheels. 
Specially treated Duralumin is also used for plates 
and wheels. For bezels, slip rings, cases, etc., 
lead-free brass (B.S.S. Nos. 265, 266, and 267) arc 
required. Special leaded nickel silver (Pb, 2/f 
and Ni, 12- 15";v ) is generally used for escape- 
ment (Tricker, loc. cit.). 

Clock and watch hands, (?scape wheehs, etc., are 
made from high strip or mild steel (C, 0-9 1*10; 

Si, 0-30 maxV, Mn, 0-40 0-80; and S and P, 
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0-05V' each). Blanked and formed components 
are also made from bright mild steel conforming 
to B.S.S. No. 1449 (1948) (Tricker, loc. cit.). 

Spring materials.- Main springs are made 
from: (1) straight Vi carbon steel (C, 0-95 1*05; 

Si, 0*30 max.; Mn, 0-40 max.; S a.id P, 0-025% 
max. each; D.P.N., 540—700) for table clocks and 
watches, and (2) silico-manganese steel (Cu, 0-55 — 
0-65; Si, 1-80 -2-20; Mn. 0-70 -1-00; and S and P, 
0-035' r max. each; D.P.N., 540- 620) for clocks. 
Tests of evaluation include: tensile strength, 
D.P.N. hardness, and 180 - bend test round a 
specified diameter varying with the thickness of 
the strip. Carbon steel spring is oil- oi* air- 
hardened at about 780 -800" and tempered at 
260 ,320 \ 

Recently the use of Elgiloy (Co, 40; Cr, 20; Ni, 
15-5; Fe, ’l5; Mo, 7; Mn, 2; C, 0- 15; and Be, 0-03%; 
D.P.N., 640 700) for watch springs has bee.i sug- 
gested. Billets of this alloy are hot-rolled to 
0-05-0-06 in., solution-treated at about 1,100- 
1,200", then cold-rolled to spring thickness of 
0-004 -0-006 in. without intermediate anneals, and 
finally precipitation-hardened for about 5 hrs. at 
480"' to give the required properties. The alloy 
has corrosion-resisting and non-magnet ic proper- 
ties (Tricker, loc. cit.). 

Ilair-springs are made from phosphor bronze 
containing 7 8% Sn. Good elastic properties 
are imparted by cold-working and by adjusting the 
setting temperature. Phosphor bronze springs 
have displaced steel springs in alarum clocks. 

Temperature compensation is essential in all 
time-measuring devices. In ordinary watches, 
this is elTccted by using solid brass or nickel 
silver, for balance wheels with a hair spring of 
invar or el invar steel. These steels have a 
negligible thermo-elastic co-efTicient and are 
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non-magnctic. A split balance bi-melal rim with 
steel hair-spi irig is used in chronometers and high 
class watches. Table lists the materials used for 
hair-springs. 

Small magnets used in synchronous electric 
clocks are made from strips of special magnet 
alloys, such as Alni, Alnico, and Alcornax by hot 
stamping. Sintered bronze bearings are used with 
clock mov(?ments, particularly in electric clocks 
as it is difficult to re-oil bearings of fast moving 
trains. Sintered bronze (10' r Sn) bearings pro- 
vide a reservoir of fre.sh oil and can last for a 
long time without re-oiling. 

In addition to the above mentioned raw mate- 
rials, stainless steel, aluminium, gold, platinum, 
etc., are used for making watch cases. Sometimes, 
the cases are chromium plated. Luminous dials 
are also manufactured for special types of 
watches. Sapphires or rubies are u.sed as bear- 
ings for watch pivots; synthetic rubies are now 
used for this purpose. 

The Indian Industry 

A number of tower clocks hav(* been made in 
India since 1926, and set up in public buildings in 
south India, tlianks to the pioneering elTorts of 
Dr. H. Parmeswaran. The India Meteorological 
Department has carried out a considerable amount 
of work on the manufacture of clock mechanisms 
for radiosonde and seismological instrumcmts. In 
the initial stages, components of imported time- 
pieces were utilized. With the stoppage of 
imports, the Department utilized its workshop 
facilities to cut gears and pinions, and developed 
new techniques for making hair-springs. The 
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Fiff. 40. — A time piece made of radiosonde clock 
components 

dirnimsions of balance wheels were altered to suit 
whatever main-springs could be obtained in tlie 
market. The number of radiosonde clocks pro- 
duci'd per day in the Department's workshops is 
6, the production cost being Rs. 13 per clock, 
which can be reduced by at lea.sl 5()L by ijicreas- 
ing Ihe output. 

The Departn)(‘nt is now in a position to fabri- 
cate limt‘ pieci'S similar to those available com- 
mercially. A few lime pieces were actually made 
by assembling the com])onents used in the radio- 
.sonde clock. The cost of a lime piece, wlien made 
in small numbers (6 per day), is about Rs. 30 
each, which can b(' reduced considerably if the 
output is increased. 

Special clock movements required for’ self- 
recording meteoi'ological instrument.s have also 
been made. A double-speed clock movement was 
designed and assembled for an altitude recording 
instrument in 1940; its perfoirnance was compar- 
able to the' clock movement titled in tire Askaniy 
instrument. 
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~An^ accurate weight-driven clock was 

designed and constructed at Poona for use with 
the Wood-A'dersen seismograph. The escape- 
ment is of dead-beat type. The pendulum is 
of invar carries a steel bob whose position 
can hr adjusted by the use of a brass nut. The 
ggp^iQS hand is attached to the long pivot of the 
^cape wheel arbor. To obviate any tendency to 
reverse the motion of the train and to drive the 
seconds hand backwards during winding, a device 
known as ‘maintaining power’ was incorporated 
in the clock. The dial was made by engraving on 
a sheet of Dilecto of 1/8 in. thickness. The 
escapement pallets, etc., were made from old and 
unserviceable files by suitable heat treatment. 

An electrically wound, spring movement pendu- 
lum clock has been recently made at Poona. It 
needs no attention if the supply of power for 
starting the winding motor is assured. The cost 
of the precision clock works out to Rs. 350. 

Commercial production of clocks has been 
undertaken in India since 1942 when The Indian 
Clock Manufacturing Co. Ltd., Tatanagar, was 
started with an output of 4—5 clocks per day. 
More recently, The Time Instruments {India) Ltd. 
Ghatkopar (Bombay), and Master Clock and 
Watch Works Ltd., Bhavnagar, have started clock 
manufacture. The former has a capacity of 2,000 
clocks per month, and turns out non-striking, 8- 
day winding, round shaped clocks, with 10 and 
12 in. dials; rectangular shaped clocks are also 
made. The production of the second factory is 
about 50 clocks a day, which is to be shortly in- 
creased to 100. A number of small firms, such as 
Dutex Clock Co., Calcutta, Scientific Manufacture 
ing Co., Morvi, Hindustan Clock Works, Poona, 
and Swadeshi Electric Clock Mfg. Co., Bombay, 
also produce clocks. The U. P. Government has 
under consideration the establishment of a fac- 
tory for the manufacture of watches and clocks 
with the help of Swiss experts and equipment. 

The bigger factories are equipped with modern 
machinery, such as wheel cutting machines, preci- 
sion drilling machines, thread cutting machines, 
milling machines, precision lathes, jig boring 
machines, screw cutting machines, punching and 
blanking, presses, and grinding and polishing 
machines. Automatic machines have been install- 
ed for turning out smaller components. 

Indian clock manufacturers make all the 
parts and produce American and Ansonia types of 
clocks, both striking and non-striking. M.S. rods 
and hard bright steel wires required for making 
axles^ pivots, etc., are obtained from The 
Indian Steel and Wire Products Ltd., Tatanagar. 
Special heavy drawn brass and main-springs are 
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Fi^. 41. — Weight-driven clock 

imported from U.K. and Japan. Special steels for 
axles, hands, etc., arc imported from Sweden. 

The frame- work of the clock consists of two 
brass plates stamped out from sheets. The bear- 
ings are drilled. Wheels are made by stamping 
out circles from brass sheet and cutting the teeth 
by milling machines. Some factories use punch- 
ing machines to cut out toothed wheels in one 
operation. Barrels are made from rods by preci- 
sion automatic lathes, and axles and pinions from 
hardened and tempered steel wire. The train 
movement is fixed in between the brass plates. 
The pendulum rod is a stout steel wire flatttoed 
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FRONT VIEW. 


FRONT VIEW 


Fiff. 42. — Weifi:ht-driven clock mechanism 


SIDE VIEW 


at one end to act as a spring. A brass bob is 
attached to the other end. Black steel sheets and 
tin plates are used for punching out dials, minute 
and hour hands, components of clock cases and 
cover. Cases an? of wood and plywood veneers. 
Bezels are made from brass sheets. 

Trade 

Practically the entire requirements of clocks 
and watches are obtained from abroad. Table 4 
gives the imports of clocks, watches, and parts 
thereof into India. 

The shares of various countries reckoned on the 
value of imports of clocks and timepieces during 


the quinquennium ending 1938-39, were: Japan, 
49; Germany, 31; U.S.A., 12; and Switzerland, 4^i-. 
Of the total value of watches imported during the 
same period, Switzerland accounted for 94^ and 
Germany for less than 2^^. About of the 
imports of clock and watch parts were from 
Japan. The average landed cost during the period 
was a little less than Rs. 3 per clock, and a little 
over Rs. 4-8-0 per watch. 

The position changed considerably after the 
War. During 1948-49, time pieces were imported 
from Franco (34-2^;), Switzerland (29-8^;;), U.K. 
(15 5';), Japan (11-4'/;), U.S.A. (4-5';), and Italy 
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(4 0%), the figures within brackets showing the 
shares in the total value of imports. About 96% 
of the watches imporltvi during the period came 
from Swit/,(M land. Small quantities of watch and 
clock parts were imported from Switzerland 
(66-9S), and U. K. (19-2\ ). About 86'^ of the 
total imports during 1948-49 and 73-5’ r in 1949-50 
came from Switzerland. 

Table 5 gives the imports of clocks and watches 
from Switzerland. 

Imports of clocks, watches, and pa i ts thereof 
are subjc'Ct to a riwenue duty of 75% ad valoiein: 
the duty on one-day alarum clocks is 50% ad 
imlorem. 

The Indian clock industry is still in its infancy. 
With a large internal market and the duty 
imposed on imports, there is considerable scope 
for developing the industry in India. There is an 
increasing demand for master-cum-slave clock 
mechanisms required for use in public and com- 
mercial institutions. The manufacture of alter- 
nating cLii rent synchronous main clocks is easy, 
lending itself to small scale production (Parames- 
waran, private cormniuiicatioji). 

CLOTHING 

The production of garments as an industry in 
India, is a comparatively recent development. It 
is a sizeable industry in some foreign countries, 


notably in U.K., Japan, and U.S.A. During World 
War IT, many new improvements were introduced 
in the industry, particularly as a result of statis- 
tical analyses of sizes and tastes of users and the 
mechanization of the different manufacturing 
operations. 

One of the advantages of mass production is that 
the cloth can be utilized to the last inch avoiding 
wastage; the saving in cloth is reckoned to be 
5—10%. Ready-made clothes are less expensive 
and more durable than individually tailored 
articles. Large scale production is particularly 
useful for making uniforms required for personnel 
employed in railways, posts and telegraphs, mili- 
tary and police, dockyards, shipping companies, 
banks, hospitals, catering establishments, scouts 
associations, etc. 

The Indian Industry 

The growth of the ready-made clothes industry 
in India has been slow, due mainly to the diversity 
in customs and tastes of people living in different 
parts of the country. Before World War I, there 
were but two Army clothing factories, one at 
Madras and the other at Alipore (Calcutta), with 
a combined monthly output of 40,000 garments. 
Eighteen temporary factories were established to 
meet the demand of the Armed Forces during the 
Great War. In 1931 there was but one factory at 
Shahjahanpur with a monthly output of about 
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75,000 garments. In 1939, when World War II 
broke out, there were in addition to the Shah- 
jahanpur factory two other small units, one at 
Perambur (Madras) and the other at Moghalpura 
(Ijahore) owned by the Madras and Southern 
Mahratta Railway and the North Western Railway 
respectively to meet their own requirements. 
Besides, a few medium-sized factories had been 
established in the larger cities for manufacturing 
ready-made garments for civilian use. There was 
also an export trade with Burma, South Africa, 
and the Far East. The bulk of the internal civi- 
lian demand, however, was met by tailoring shops. 

The demand for military clothing increased to a 
great extent during the last War, and the industry 
had to be considerably expanded. The output of 
the Shahjahanpur factory was increased, and 8 
new factories were established at Lahore, Madras, 
Calcutta, Agra, Sialkot, Delhi, Secunderabad, and 
Bombay. Three factories started at Kanpur, 
Lahore, and Sialkot, primarily for manufacturing 
paiachutes, also produced tailored articles. A few 
of these factories were engaged in cutting the 
cloth to specifications, the cut pieces being made 
over to contractors for stitching (Rep. Panel on 
Ready-made Clothing Industry^ 1946, 4). India 
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was the principal source of supply for the Allied 
P’orces in Europe, Asia, and Africa. 

During 1942-43, the clothing factories produced 
about 100 million garments valued at Rs. 50 cror(?s, 
for which about 300 million yards of cloth valued 
at Rs. 45 crores were utilized. The number of 
skilled, semi-skilled, un-skilled, and supervise y 
staff in a!*my clothing factories was c. 33,000 in 
December 1944. In addition, 200,000 workers werti 
employed by contractors throughout the country 
(Rep. Panel, loc. cit.). 298 million tailored items 
w(‘re produced during the peiiod September 1939 
to December 1943 (Indian Text. 1945, 56, 111). 
The ordnance factorii‘s supplied 78-84 million 
tailored items of clothing from 215 million yards 
of textiles, over 5,600 million yards of sewing 
thread, and over 500 million buttons (Indian Text. 
J., 1945, 55, 352A). The industry supplied in all 
about 400 million tailored units during the War 
period. 

The factories had to keep pace not only with tlie 
increasing demands, but also with the changes and 
improvements in patterns and designs. In 1944 
there? was a significant increase in the demand for 
hospital clothing, prisoners-of-war clothing, and 
clothing for Chinese troops. 



Fig[. 43. — Cutting? of cloth by machines 
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I’AiiLE 1.— I'rtonucrnojf ok aumy cEOTHiKa tn'' ixdia 
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1,010 

12.772 
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5,781 

10,So5 

13,763 

7,19!) 

4,063 
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Table 1 gives the production of army clothing 
in India during World War II (Statistics relating 
to India's War Effort, 1947, 11). 

Raw materials. --The raw materials used arc 
cotton and woollen textiles, sewing thread, 
buttons, buckles, oil-skin, etc., all available in the 
country. The requirements for special types of 
garments are met by imports. Rayons are used 
in considerable quantities for ladies’ and children’s 
wearing apparel. 

Manufacture --Each type of garment is design- 


ed and graded to conform to a set of standard 
sizes and fittings based on statistical data relating 
to users' tastes and requirements. The component 
parts are patterned by experts, and the sizes and 
shapes are marked out on cardboard in tailor's 
crayon. The markings arc perforated by a 
machine. The perforated piece, or Marsden Lay 
as it is called, is used for marking the cloth for 
cutting. A separate lay is prepared for each 
standard group of measurements. 

The cloth is spread out on rows of cutting 
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Fig. 44. — Stitching of clothes 


tables, 60—100 ft. long and 4 ft. wide, accom- 
modating a pile of 50 to 100 pieces of cloth one 
above the other (about 6 in. thick). The pile is 
kept stretched by clips; sometimes laying 
machines are employed. The lay is placed on the 
top layer of cloth, and chalk powder sprinkled on 
it. When the laiy is removed, the chalked pattern 
is left on the cloth. 

Cutting is effected by electrically driven or 
hand operated cloth cutters and band saw 
machines. The pieces are first cut into blocks 
4—6 ft. in length to facilitate handling and the 
cloth blocks are fed to band saws for cutting the 
component parts. Two types of cloth cutting 
machines are in use, viz., circular knife machines 
and straight knife machines, the latter being used 
for more accurate work and for cutting corners, 
etc. 

From the cut piles, the different parts required 
to form a garment piece are sorted out and 
bundled. A shirt has generally 16 parts and a 
pant 13 parts. The bundles go to the issue section 
of the tailoring department whence they are dis- 
tributed to tailors for stitching. 

Stitching is carried out by hand-sewing, treadle- 
sewing or electrically driven sewing machines. 
Decorative stitching and general decoration work 
in womens and children’s clothes are done by 
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hand, or by special machines such as those used 
for hem-stitching, faggoting, tucking, gauging, 
scalloping, and pinking machines. The stitched 
garments are taken to the button-holing and 
button-fastening machines whence they emerge 
as ready-made garments. Those made from line 
cloth are bleached if required, after which the 
measurements are checked. 

The garments are pressed by electric irons and 
sent to packing tables where each garment is indi- 
vidually checked, folded, and wrapped in cello- 
phane or plio-film cover, stamped to specify the 
price and name of the manufacturer, and sent to 
the despatching or marketing section. 

Types of clothing . — The Army clothing facto- 
ries make the following items of clothing: battle 
dress, serge suits, great coats, shirts, shorts and 
trousers of all types, head-wear, mosquito nets, 
water-proof capes, flags and embroidered badges, 
cloth bags of all kinds, cotton bandoliers for small 
arms and mortar ammunition, oil-skin containers 
for scientific stores used in amphibious warfare, 
and special clothing for workers in dairy farms 
and explosives factories. The railway clothing 
factories make coats, trousers, shorts, shirts^ 
boiler suits, aprons, leggings, bags, and flags. The 
civilian clothing factories make a large assort- 
ment of items including coats — ^Jodhpur, lounge. 


TAHI.K 2.— IMPORTS OK CLOTUKVa FROM U.K.f 
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double-breasted, sherwanis, doctor's aprons—, 
pants, half pants, pyjamas, sleeping sails, overalls, 
shirts, bush shirts, pillow covers, bed sheets, 
cushions, bolsters, and miscellaneous types such 
as neckties, petlicoats, frocks, etc. 

The demand for* military clothing has consider- 
ably declined. The production of clothing during 
April-Scpternber 1946 was; battle dress trousers, 
696,390; water-proof capes, 320,099; overalls combi- 
nation, 157,716; and cotton short trousers, 895,577. 

The Delhi Cloth Mills, Delhi, Bangalore 
Dress Manujacturing Co., Bangalore, and Bengal 
Dress Mfg. Co. Ltd.. Madias, are engaged in the 
production of clothing for civilians. The daily 
capacity of the Bangalore factory is 10,000 
garments, while that of the Delhi factory is about 
1 , 000 . 

The Panel on clothing recommended the estab- 
lishment of 5 ready-made clothing iactories to be 
located at Madras. Bombay, Calcutta, D(‘lhi, and 
Jullundur. Tht* panel also recommended that the 
indu.stry should, in the first stage, manufacture 
shirts, trousers and shorts for the urban market, 
and kurtns and pyjamas for the rural market. 
Each factory is to have a minimum production 
capacity of 10,800 garments per day comprising 
shirts and kurtas, 3,600; trousi'rs, 3.600; and shorts 
and pyjamas. 3,600 {Rep. Panel, 5), 

Thade 

Table 2 gives the imports of clothing into India 
from U. K. 

The total value of clothing imported from U.K. 
during 1947, 1948, and 1949 was £213,377, £248,564, 
and £262,718 respectively. 

Table 3 gives the imports of second-hand cloth- 
ing into India principally from U. K. and U.S.A. 
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COAL CARBONIZATION 

Industrial coal carbonization is effected by heat- 
ing selected varieties of coal in ovens or retorts 
out of contact with air. During the process, the 
liberated volatile products react with one another 
forming a complex mixture of gases and vapours, 
and a more or less coherent and porous residue, 
known as coke, consisting of lixed carbon and the 
ash of the original coal. The gases and vapours 
are drawn through condensing plant for recover- 
ing the by-products and the purified coal gas, 
consisting of a mixture of hydrogen, methane, 
olefines, carbon monoxide, carboi dioxide, and 
nitrogen is led to a gas holder. 

The nature and quantity of products obtained 
by coal carbonization depend essentially upon 
the kind of coal used and the conditions of treat- 
ment. Three types of carbonization are distin- 
guished according to the temperature of carboai- 
tation, viz., (1) High Temperature Carboniza- 
at 900 1,200 , (2) Low Temperature Carboniza- 

tion at 450- 650’, and (3) Medium Temperature 
Carbonization at 650-800’. High temperature 
carbonization is adopted for the manufacture of 
coke required in the metallurgical industries 
and for the production of coal gas. Coke ovens 
are usually installed in iron and steel works and 
at collieries for the production of strong, 
coherent, non-volatile metallurgical coke for use 
in blast furnaces and in foundries. A high yield 
of gas and a comparatively low yield of thick 
heavy tar are obtained. Coal is carbonized 
in gas works mainly for producing gas re- 
quired for domestic and industrial heating and 
lighting, l^ow temperature carbonization gives a 
soft, free-burning, smokeless semi-coke, contain- 
ing sufficient volatiles for easy ignition in domes- 
tic fire-giates, a low yield of rich gas (650 -750 
B.t.u./c. ft.) and a comparatively high yield of 
thi.i light tar or coal oil (15- 20 gal. /ton as 
compared to 4—12 gal. in high temperature car- 
bonization). Parallinic compounds predominate 
in the tar, and tar acids, notably cresylic acids 
occur in quantity. Medium temperatrire carboni- 
zation gives products and yields which are inter- 
mediate between the two. 

Table 1 gives the yields of products obtar.i- 
ed by different methods of carbonization. 

The rank and composition of the coal determine, 
to a large degree, the quality and quantity of 
the products. Generally, bituminous coals viz., 
coking coal (v.m , 18- 32%; oxygen, 4—8%) and 
gas coal (v.m., 30—40%; f.c., 60—68%; oxygen, 
8-12%) are utilized for coal carbonization. 
Coking coals are of two types: (1) ihe h^rd coking 
coal (v.m., 26- 32%; f.c., 68- 74%;, oxygen, 
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TAHLK I.— rRODUCTS OF COAL CARBONTZATTOX 
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4—10%) giving a strong coke, and (2) the low 
volatile or short flame coking coal (v.m., 18 -26%; 
f.c., 74--82%; oxygen, 4 6%) giving a dense 
coke. Both cokes are suitable for metallurgical 
purposes. Gas coal gives a softer and more open- 
textured porous coke as a by-product. Lignite, 
ligno-bituminous (steam) coals, and anthracite 
are non-coking. Coals containing low volatile 
matter ( <17%), high moisture (> 5%), and 
high volatile matter ( >40%) are seldom of good 
coking quality. 

The petrological components of coal also influ- 
ence carbonization. The physical structures of 
bright coals (mainly clarain) are markedly differ- 
ent from those of dull coal (durain), Clarains 
and vitrains are highly caking (agglomerating) 
and swell on carbonization. Most durains and 
fusains do not easily coke, have little agglomerat- 
ing power, and do not swell. Indian coking coals 
contain a large amount of durain. Blends of 
clarain and durain, however, which predominate 
in the Jharia coalfields, give excellent coke; such 
coal is often termed Banded Coal. 

Some coals yield a compact hard coke without 
any increase in the original volume. If the coke 
is of good quality, it can be used for blast furnace 
purposes where strength is particularly required. 
Such are the coking coals of the Barakar series 
of the Giridih, Jharia, and Raniganj coalfields. 
Assam coals yield a moderately good coke but 
contain a large percentage of sulphur. Desul- 
phurization of Assam coals is said to be effected 
by carbonization at 800" in the presence of 
alumina and ammonia gas (Ghosh & Brewer, 
Industr. Engng Chem., 1950, 42, 1550). 

Bituminous coals, on distillation, lose water, 
hydrogen sulphide, carbon dioxide, and carbon 
monoxide between 250" and 375“. As the 


temperature is raised to 500", methane, paraffins, 
and olefines are evolved in large quantities, and 
at still higher temperatures and especially above 
700°, there is a rapid evolution of hydrogen, pro- 
bably due to the cracking of hydrocarbons. These 
stages are clearly marked in brown coal, while in 
bituminous coals there is overlapping. 

When heated out of contact with air, coking 
coal begins to soften at 300- 350" and becomes 
fluid or plastic, the plasticity increasing up to 
a temperature of about 400". The plasticity 
varies with different coals and at different tem- 
peratures, and coals containing 25—35% volatile 
matter generally have high plasticity. This 
plastic condition is essential for the production 
of coke and is brought about by the melting of 
certain co.astituents of the original coal or of the 
primary decomposition products and subsequent 
solution or dispersion of the solid residue (Dixon, 
48). During this stage there is an active evolu- 
tion of gas which, due to the resistance offered 
by the plastic mass and the sealing action of 
the oil film, produces a pressure and causes the 
mass to swell. The gas in trying to escape 
through the swollen mass facilitates agglomera- 
tion and helps to produce a coke of uniform cellu- 
lar structure. Beyond 500", gases continue to be 
evolved but the fluidity decreases, and the mass 
shrinks. Such shrinkage is essential for the pro- 
duction of hard coke. 

During coking the coal in contact with the 
walls of the oven (c. 1,000") softens and 
forms a plastic layer along the wall. As 
tlie heating is coxitinued the plastic layer proceeds 
inwards — towards the middle of the charge. 
Meanwhile, the hot gases and vapours pass out- 
wards to the walls through the hot carbonizing 
mass and are partially decomposed or cracked 
depositing carbon, normally in graphitic layers. 
Most coals produce a pressure of about 0-2— 1*0 
Ib./sq. in. during coking. High pressure is 
reached at the place where the plastic zones meet, 
and is followed by a fall in pressure when the 
gases previously hold in the middle of the charge 
between the plastic zones are released. Unduly 
high pressures may cause damage to the ovens. 
Low volatile coals- are liable to create dangerous 
pressures during coking. In the United States of 
America such coals are coked only in admixture 
with high volatile coals; this gives, incidentally, 
an improved coke. 

Coke Ovens 

Of the total coal carbonized in India, over 96% 
is subjected to high temperature carbonization in 
coke ovens (generally with by-product recovery) 
for the production of metallurgical coke. A small 
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quantity, about 1-5 lakh tons of coal per month, 
is carbonized in gas works. 

The by-product coking industry is of compara- 
tively recent growth. The first plant was built 
in 1909 at Giridih for the East Indian Railway by 
Simon Carves Ltd. Over 50 ovens capable of 
producing about 300 tons of coke per day are 
still in operation. Other coke oven plants operat- 
ing at present are: (1) Tata Iron and Steel Co. 
Ltd., Jamshedpur; (2) Indian Iron and Steel Co. 
Ltd., Hirapur and Kulti; (3) Lodna Colliery Co. 
(1920) Ltd., Lodna (Jharia); (4) The Burrakar 
Coal Co. Ltd., Loyabad (Jharia); (5) Bararee Coke 
Co. Ltd., Kusunda (Jharia); and (6) Bhowrah 
Coke Co., Bhowrah (Jharia). 

Coal Composition and Blending. — Good metal- 
lurgical coal is known to occur in (1) scams XII 
to XVIII in Jharia coalfields, (2) Ramnagar, 
Laidih, and Begunia seams in the Raniganj coal- 
field, (3) the Lower and Upper Karharbari scams 
in the Giridih coalfields, and (4) the Kargali seam 
in the East Bokaro coalfields and certain scams in 
the West Bokaro coalfield. Workable coking 
coals are found also in the Karanpura and Kanhan 
valley fields. Till recently, only Jharia coals were 
being utilized for coke making. 

The steel companies in India utilize coking 
coal conforming to the following specifications: 
ash > 15% for coals having 30% v.m. on an ash- 
free basis; v.m., c. 30% on ash-free basis and 
26% in coal having 15% ash; f.c., depending on 
ash and v.m.; P, 0-15%; S, > 0-60% (a 

slightly higher sulphur is tolerated if the ash con- 
tent is much lower than the specified amount); 
caking index (Tata Index), <J: 15 (i.e., roughly 
22-5 B.S.S. Index). The physical standards laid 
down by the Indian steel companies are consi- 
dered to be too rigid and a little liberalization 
will make available for metallurgical purposes 
many grades of coal and will greatly Increase the 
available metallurgical fuel reserves in the coun- 
try. The Committee on Conservation of Metal- 
lurgical Coal have therefore recommended that 
coking coal containing up to 17% ash should be 
consumed. Some of the works at present use 
Selected B (ash, 15 — 17%) coals with coals of 
Selected A (ash, 15%) grade. The usual mixture 
used in Tatars coke ovens is a blend of low and 
medium volatile coking coals, drawn almost 
entirely from the Jharia field. Generally two or 
more varieties are blended with a view to improv- 
ing the quality of coke. 

At present, about 8 million tons of metallurgi- 
cal coal are mined every year of which less than 
3 million tons are actually carbonized for metal- 
lurgical purposes. The reserves of metallurgical 


coal in India are limited and have been estimated 
by the Committee on Conservation of Mettallur- 
gical Coal at 2750 million tons (Selected A coal 
with 15% ash or less, 500 million tons; Selected 
B coal with 15—17% ash or less, 750 million 
tons; and Grades 1 & II coals with over 17% 
ash, 1,500 million tons). This is expected to yield 
2,100 million tons of beneficiated coking coals of 
which 1,600 million tons can be recovered with 
modern mining methods. Assuming that one- 
fourth of the weakly coking coals can be blended, 
the Committee has estimated the total coal avail- 
able for coking at about 2,000 million tons. 

Considerable amount of work has been carried 
out on the possibility of blending limited amounts 
of non-coking or weakly coking coals with good 
coking coals to give coke of metallurgical quality. 
Rcce.it trials have shown that when mixed with 
good coking coal of caking index 15 (Tisco 
method) or over, coals of caking index 13—14 
may be blended to the extent of 30—40%; coals 
of caking index 8 12, to the extent of 20- 30%; 

and coals of caking index below 8, to the extent 
of 10—20%. The high ash content of good to 
fair coking Jharia coals (below seam X) pre- 
cludes their immediate utilization for coke 
manufacture, unless they are blended with 
other good coking coals of low ash content. 
These high ash good coking coals, therefore, 
along with others of the semi-coking type, should 
be washed to reduce their ash content and 
thereby rendered suitable for the coking indus- 
try. Also certain Raniganj coals, such as the 
Dishergarh and Poniati scam coals, on account of 
their better caking characteristics, arc usable in 
high proportions for the production of metallur- 
gical coke. It has been proved that the Begonia 
and Dishergarh coals which arc essentially bright 
coals containing less durain than Jharia coking 
coals, arc by themselves fairly good coking coals, 
and hence behave satisfactorily in blends. The 
suitability of the Begonia seam coal by itself, and 
of the Sanctoria seam up to 30% blend with nor- 
mal coke oven coal has been confirmed by oven 
tests (C.S.I.R., Rep. The Blending of Coals for 
Coking, 1948, ix, 27). 

As a result of trials carried out on coke blend- 
ing The Tata Iron & Steel Co. Ltd. are now using 
blends containing 40% Begonia coal (ash c;; 15%; 
v.m., c. 30%) and two other coals to the extent 
of 35% and 25% from Jharia coalfield. 

Prior to blending, coal may be subjected to 
washing to reduce the ash content. It is neces- 
sary to have a low ash content in the coke re- 
quired for blast furnaces if the efficiency of the 
furnace is to be maintained. Too much ash in 
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the coke reduces its calorific value, and addi- 
tional flux (calcium carbonate) is required for 
slagging and, consequently, extra heat expeiidi- 
ture becomes necessary. This means more coke 
and more ash. Washing also improves resistance 
to shattering and abradability of coke by regulat- 
ing the distribution of ash in the coal. Tests 
carried out in the Fuel Research Institute show 
promising results from the washing of coal of 
No. X seam in certain areas. The scam yields 
60% clean product with 16—17% ash, and the 
rest contains 30% ash. Better results have been 
obtained with coal from Kargali seam. Coal 
washing has not been practised in India except 
on a very restricted scale. Two coal washeries 
arc being erected. 

In 1948, 2-59 million tons of coking coal were 
carbonized. The annual rated coal throughput of 
the coal carbonization industry is 3-84 million 
tons consisting of: iron and steel industry, 3-14 
million tons; colliery coke ovens, 0*55 million 
tons; and Beehive ovens, 0*15 million tons. In 
addition, 1 million tons of coking coal will be 
required by 1954 for the projected new steel works 
and another 269,000 tons for the fertilizer works 
at Sindri (Rep., Indian Coalfields Comm., 1946, 
I, 77). Table 2 gives the actual consumption of 
coking coal in India by coke ovens. 


TABLE 2. -CONSUMPTION OK COKING COAL 
(million tons) 
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Types of Ovens . — Coke is produced both in by- 
product recovery coke ovens and in Beehive ovens 
located in 25 collieries (South Kujama, New 
Marincl, East Bhuggatdih, and Dhansar collieries) 
in the Jharia coalfields. Out of a total of 2*59 
million tons of coal carbonized in 1948, 2*38 
million tons were carbonized in by-product ovens 
and the rest in Beehive ovens. 

Beehive ovens consist of hive-shaped brick 
ovens, 12 ft. diam.xS ft. high, built in trenches 
back-to-back with a common flue. The ovens arc 
charged through a hole at the top to a depth of 
3 ft., and the heat from the previous operation 
initiates the distillation. The distilled volatile 


matter is mixed with air and burnt inside the 
ovens as fuel. The products of combustion pass 
out from the top and may bo used in waste heat 
boilers. Coking is effected by the downward heat 
from burning gases in the ovens. The air supply 
is stopped after some time, and the charge allowed 
to bake. The ovens are dischargd after 2 3 
days through a side door, and the coke is imme- 
diately quenched with water to prevent its burn- 
ing away. 

The coke produced is good, hard, strong, cellu- 
lar, and silvery in appearance. In spite of the 
excellent coke obtained, the process is wasteful 
owing to the loss of by-products, of sensible 
heat, and of heat in the unburned portions of the 
liquid and gaseous products. Beehive ovens have 
therefore been replaced by by-product coking 
plants, and are now used only as auxiliaries in 
periods when there is an unusually large demand 
for coke. 

By-product ovens . — In by-product coke ovens 
the coal is carbonized in narrow, high, and rela- 
tively long chambers or ovens of rectangular 
shape, built in groups or batteries with the length 
of the oven at right angles to the length of the 
battery. The older types are the slow-burning 
waste-heat ovens, smaller in size than the modern 
regenerative ovens. The waste-heat ovens use at 
least 80% of the gas produced, and the burnt 
gases from the flues are used for steam raising. 

The modern ovens are equipped with regenera- 
tors to recover the sensible heat from flue gases. 
They are built of silicon refractories and are 
usually 40—50 ft. long, 14—15 ft. high, and 
15—24 in. wide. They are built in batteries of 
30—60, and installations of over 100 are not un- 
common. The ovens are fitted with removable 
doors and have a slight taper from one end to 
the other to facilitate discharge of coke, the wider 
end being the discharge end. Such ovens operate 
with a flue temperature of 1,150—1,350“ depending 
on the type of coke required, and have a through- 
put of 18—24 tons of coal per day. The normal 
coking time is 18—24 hours. 

The ovens are heated by burning a part of the 
gas generated in the process. Modern ovens are 
provided with vertical flues on each side with a 
view to economize gas consumption and to ensure 
that the greatest possible area of the oven wall 
(and thus of coal) is uniformly heated. To 
recover the sensible heat, the ovens are provided 
with regenerators located at the base of the 
battery. 

In the older types of ovens, gas is supplied 
by fireclay nozzles or jets, one for each vertical 
flue, fitted to the horizontal gas supply tube of 
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Fig. 4G.— Simon-carves ovens— Tisco, Jamshedpur. 


hollow fireclay bricks running along the battery. 
Preheated air enters the flues from the underlying 
regenerators. This systen'' has certain drawbacks 
owing to leakage of gas from tubes, and as the 
nozzles are located in a region of intense heat, 
the density of the gas is reduced, and decomposi- 
tion of by-products takes place inside the tubes 
and nozzles with deposition of carbon which is 
difficult to remove. Most modern ovens are 
equipped with the under jet system of heating in 
which the gas mains and burner jets are located 
in a spacious basement formed by a reinforced 
concrete sub-structure supporting the oven; they 
are accessible from all sides for inspection and 
adjustment. 

Coke ovens are heated by the gases produced 
by coking, about 40—50% of the gas evolved being 
thus utilized. The demand for coal gas (525-550 
B.t.u./c. ft.) is considerable in industrial and 
populous areas. Consequently, in some places, the 
ovens are heated by lean gas, e.g., producer gas 
(125 -135 B.t.u./c. ft.) generated from small coke 
and breeze, or blast furnace gas (90- 95 B.t.u./ 
c. ft.). In such cases additional regeneration is 
used for heating the lean gas. 

The coking plant generally used in India is the 


Simon-Carves plant with vertical heating flues. 
Each oven is provided with a regenerator at the 
bottom for preheating the air; when lean gas 
(e.g., blast furnace gas) is used both air and gas 
are preheated. Simon-Carves batteiies in the 
Tata Iron and Steel Co. Ltd. are fired with lean 
gas. 

Table 3 gives the number and types of by-pro- 
duct ovens installed in the dillerent works. 

The total number of ovens in operation is 788, 
of which 073 are Simon-Carv(\s, 50 Wilputtc*, 40 
Koppers, and 25 Semet So Ivey. 

The coking capacity of by-product coke ovens in 
India is 3,691,100 tons per annum distributed as 
follows: Simon-Carves, 3,227,100 tons; WiJputte, 
288,000 tons; Koppers, 98,000 tons; and Semet 
Solvey, 78,000 tons. However, due to shortage 
of coal, the output of coke has been seriously 
reduced during the last few years. 

Coke Oven Operation . — At the Tata Iron and 
Steel Co. Ltd., the blended coal is crushed in a 
hammer mill so that 80 - 90% of the coal passes 
through a 1/8 in. mesh sieve. Finer grinding, 
although giving belter coke and better control, 
results in a large percentage of dust. The crush- 
ed coal is elevated to storage bunkers from which 
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TABI.H 3.--TYPRS OP BY-PRODUCT COKE OVENS 


Rated annual coal through- 



Ovon 

No. 

put (tons) 

1. Tata Iron and Steel Co, Ltd., 

Simon-Carvefl, compound 

Ifl4\ 

1,692,000 

Jamshodpur 

Wilputte, regenerative 

60/ 

2. Indian Iron db Steel Co Ltd., 

Simon-Carvefl, regenerative 

102 \ 

295,600 

Kulti 

„ , waste heat 

30/ 

3. Indian Iron A Steel Co. Ltd., 

Simon-Carvefl, Waste heat 

801 


llirapur 

„ , regenerative 

40 y 

1,155,600 


„ , Compound 

112 J 


4. State It ait way Coal Depart- 

Simon-Carvefl, vertical flue, 



ment, Giridih* 

regenerative 

50 

150,000 

6. Lodna Colliery Co. {1920) 

Simon-Carvefl, horizontal 



Ltd., Lodna 

flue, waste heat 

60 

132,000 

fi. Jiararee Coke Co. Ltd., 

Simon-Carvefl, horizontal flue, 



KuHiinda 

waste heat 

35 

90,000 

7. Tho Bwrakar Coal Ltd., 

Koppers, regenerative 

40 

98,000 

Loyubad. 



8. Bhowra Coke Co. Bhowra 

Seinet Solvey, waste heat 

25 

78,000 


•ProHont coal throughput about 70,000 ton«. 


the ovens are charged through 4 or 5 charging 
holes at the top which are normally kept sealed. 
The fuel bed is raked level and a clear passage 
left above the coal surface for gases and vapours 
to escape. The charging holes and the door are 
then closed, and the oven connected to the 
hydraulic mains by the ascension pipe through a 
valve. 

The distillation starts soon after charging, and 
it is continued until practically all the volatile 
matter is expelled. For optimum efficiency, a 
slight positive pressure at the bottom of the oven 
is necessary to prevent infiltration of air and 
consequent local heating in the oven chamber. 
The gases and vapours evolved pass through 
the ascension pipe to the collecting main from 
which they arc drawn off by an exhauster in 
the. by-product plant. Smoking during charging 
is prevented by operating a steam jet in the 
ascension pipe which creates a suction on the 
top of the coal bed; the steam jet is shut off after 
the levelling has been completed. 

At the end of the coking period, which usually 
takes 14—20 hrs., the doors are opened and the 
coke is pushed ou+ of the oven by a ramming 
machine, the operation taking less than 60 
seconds. The hot coke falls on to a slowly moving 
iron truck. At the end of the discharge, the ram 
is withdrawn, the doors replaced and the oven 
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is ready for a new charge of coal. The coke car 
goes immediately to a tower where the hot coke 
is quenched in i— 2 min. by a water spray. Dry 
quenching by inert gas circulation is used in some 
countries, the hot gases being fed to waste heat 
boilers. 

The quenched coke is dumped on to a sloping 
wharf for draining excess water and the coke 
conveyed to the screening plant. The following 
sizes of coke are obtained in the Tata's plant: 
blast furnace coke,>li in.; nut coke, i— IJ in. 
partly used for metallurgical purposes; pearl 
coke, 3— I in. used for domestic purposes; and 
coke breeze, < 3 in. used in boilers. 

Charging and pushing are done in scries accord- 
ing to a schedule, to prevent any drop in wall 
temperature which would take place if adjacent 
ovens are charged and pushed in succession. In 
the works of the Tata Iron and Steel Co., a Simon- 
Carves battery of 55 ovens is operated according 
to the following schedule: the I’s ovens, i.e., 1, 
11, 21, 31, 41, and 51 are pushed one after the 
other; when the series is completed, 5 is added 
and the 6's ovens are pushed. This is followed 
in turn by the 3’s, 5’s, 2’s, and 4’s alternated by 
those obtained by adding 5 to each of them (i.e., 
8’s, lO’s, 7*s, and 9’s). The cycle is completed, and 
the I’s series is ready for pushing. 

The coking speed for ordinary metallurgical 
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coke in by-product ovens is 1-0— 1-1 in. per hr. 
(Lowry, I, 781). One of the factors controlling 
coking is the rate of heating of charge in the 
oven. The optimum can be gauged only from 
experience, but for most good coking coals and 
blends, the coking rate is 0* 85—0 -95 in. per hr. 
This is really the rate of travel of the plastic zone 
or layer. For an 18 in. wide oven, a period of 
10 hrs. would be required for the plastic layers 
to meet. Further heating is necessary to raise 
the temperature to the higher levels required for 
producing metallurgical coke. 

In the by-product plant, the volatile gases and 
vapours are treated in an elaborate system of 
washing, scrubbing, and purifying units, where 
they are freed from ammonia, tar, and benzol, 
and finally led to the gas holder, from which the 
gas is used either for oven heating or for other 
purposes. 

Metallurgical coke , — The primary product of 
coal carbonization is metallurgical coke, mostly 
used for blast furnaces. It is also required for 
foundry work, non-ferrous smelting, and producer 
gas plants. 

The chief requirements of metallurgical coke 
are purity, strength, size, and structure. The 
limits of purity for metallurgical coke arc: ash, 
10%; S, 1-25%; and P, 0-02%. For use with high 
grade iron ore, the coke may have an ash content 
up to 23%. It is necessary, however, to have a 
uniform coke, as variations involve adjustments 
and alterations in the operating conditions of the 
blast furnace. Washing of coal prior to coking 
is therefore recommended. 

Blast furnace coke should have sufficient 
mechanical strength (hardness and surface 
strength) to withstand the crushing load of the 
overburden in the furnace. These properties are 
measured by shatter and abradability tests. 

Besides acting as fuel, coke also acts as a 
spacing medium permitting a well-distributed 
blast of air to flow through the furnace charge; 
hence the size and strength of the coke are im- 
portant. To a certain extent, size is related to 
strength. For use in blast furnace, sizes of 2— 4 
in. are preferred. 

The coke should have at least 40% porosity so 
that a large surface is exposed for reaction with 
furnace gases. A mixture of low volatile coals 
with high volatile (high oxygen) or medium vola- 
tile coals gives, as a rule, a coke with uniform 
structure, i.e., more regular cells, less cracks, and 
larger coke pieces. The structure is also govern- 
ed by the proportion of durain and clarain in the 
coal. The presence of durain up to 30% may 
not be harmful, but any undue excess weakens 


the resulting coke. In the United Kingdom, the 
addition of fusain dust up to 3% of the coal 
charge in the ovens has been found to improve 
certain cokes, yielding large lumps of good hard- 
ness. 

Metallurgical coke should have the following 
characteristics: ash, 22*5% (maximum); v.m., >. 
1*0%; f.c., 75*0% (minimum); shatter index on 
2 in./lj in., 82—92'/ or over; Breslau’s test 
(total on 40 mm.), 80% or over; Haven’s stability 
(total on 1 in.), 50% or over; and porosity, 42% 
or over (Rep. C.S.I.R., op. cit., 14). 

For foundry work, the coke should have 
a high calorific value and hardness to withstand 
severe abrasion and burden. It should be dense, 
of fairly large size, and should have the follow- 
ing characteristics: ash, <8%; S, <0-8%; P, 
<; 0*02%; water, <; 1-5%; and shatter index, > 
90'% on li in. (Dixon, 91). 

An important requirement of coke for use in 
producer plant is ‘reactivity’, which means: (1) 
reaction rate with oxygen or air, i.e., combustibi- 
lity; (2) activity in reducing carbon dioxide to 
carbon monoxide; and (3) activity in reacting 
with steam. Good metallurgical cokes are rela- 
tively non-reactive and are therefore difficult to 
ignite and are not preferred for producers. High 
volatile and high oxygen coals, which are almost 
non-coking, yield reactive cokes. 

75—80% of the coal carbonized is obtained 
as coke. Production of hard coke has consider- 
ably decreased in recent years due mainly to the 
difficulty of obtaining suitable coals. Table 4 
gives the production of hard coke in India. 

Small quantities of hard coke are exported to 
Burma, and to Middle and Far East countries. 
Table 5 gives the export of hard coke from 
India. 

The present production of hard coke is insuffi- 
cient to meet the needs of Indian industry. The 
Government have appointed a committee to 
suggest ways and means of increasing its output. 


TABLE 4 — PRODUCTION OP" HARD COKE 
(million fconH) 


By-product ovons 
Iron St col 

19.35-19.39 

(av.) 

1940 

1946 

1947 

1948 

works 

1-48 

1 84 

1-4.3 

1-61 

1-39 

Colliorios 

0 .3.3 

0-26 

0 25 

0-23 

0-26 

Beebivo ovons 

(a) 

(a) 

(a) 

(a) 

015 

Total 

1-81 

210 

1-68 

1-84 

1*80 


(a) not availablo 
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TABLE 5— EXPORTS OF HARD COKE 



Qty. 

(Tons) 

Value 

(R«.) 

1934/35—19.38/39 (av.) 

9,735 

1.90.1 ()5 

1939/40-194.3/44 (av.) 

16,410 

3.80,230 

1944-45 

150 

6.470 

1945-46 

430 

15.910 

1946-47 

1,032 

42,657 

1947^48 

5,480 

2,62,939 

1948-49 

12,996 

7.69„540 

1949-50 

190 

1l.<»09 

The committee has examined and assessed the 
present and future demands for hard coke and 
suggested methods of meeting the demands and in 
particular has made recommendations regarding 
the most suitable process of manufacture and the 
optimum size and number of evens. The com- 
mittee has also assessed the relative advantage? 
and disadvantages of: (1) producing more coke in 


Sindri than is required for consumption in the 
fertilizer factory, (2) establishing new coke ovens 
at Giridih, and (3) establishing new coke ovens 
in the suburbs of Calcutta, taking into account 
the comparative capital and working costs, the 
utilization of gas and other by-products, and the 
cost of transport of coal, coke, and other by- 
products. This report is under the consideration 
of the committee. 

Gas Works 

Coal is distilled for gas production by the 
Oriental Gas Co, Ltd., Calcutta, and the Bombay 
Gas Co. Ltd., Bombay. The gas is supplied for 
domestic and industrial purposes in the cities of 
Calcutta and Bombay. The residual coke, coal 
tar, distillate oils, and refined naphthalene are 
marketed. 

Raw material. — Coal for gas production should 
yield a large volume of gas, marketable coke, and 
a fair yield of tar. For this purpose caking coals 
of v.m., 32-40%, f.c., 60-68%, and oxygen, 
10—14% are required. The coal should have a 
low ash content. A proximate analysis of good 
gas coal is: moisture, 1-5; ash, 11 0; v.m., 
34-5; and f.c., 54-5%; cal. val., 13,000 B.t.u./lb. 
(Savage, Proc. nat Inst. Sci., 1940, 6, 357). As 
Indian coals contain small percentages of pyrite 
(S < 0-5%), the resulting gas contains hydrogen 
sulphide (<1%). 


Retorts. — Coal is subjected to high temperature 
carbonization in chambers or gas retorts which 
are relatively smaller in size than coke ovens 
and of a different shape. Two types of retorts 
— horizontal and vertical — are in use. The 
retorts are of fire-brick, and built in small units 
or bunches of 5 or 10 with heating flues in 
between. The horizontal retorts employed in 
India are roughly half-cylindrical, the flat side 
forming the base. The retorts used by the 
Oriental Gas Co. Ltd. are 20 ft. long, 22 in. wide, 
and 16 in. high, set in a bed of 4 tiers of 
two retorts, each having a capacity of 9J cwt.; 
the retorts employed by the Bombay Gas Co. 
Ltd. are 20 ft. long, 24 in. wide, and 16i in. high. 

Operation. — The retorts are heated by producer 
gas generated in producers built below the retort 
setting. The producers are fitted with one or 
more combustion chambers and the hot gases are 
circulated through the flues round the retorts, the 
waste heat being used for heating boilers. A part 
of the hot coke from the retort is used in the 
producers for gas generation. 

The retorts in each tier are charged in turn so 
that the whole operation covers 10-11 hrs. The 
gas generated in each bed is derived from coal 
in 4 different stages of carbonization and the 
resulting gas is, therefore, well-mixed before 
passing through the condensers, washing plant, 
etc., to the gas holders. 

The temperature of carbonization is 1,250— 
1,300°. At the end of the coking period, the coke 
is discharged and quenched. The gases from the 
retorts are led to the ascension pipe and hydraulic 
mains, and as in the by-product coke oven plant, 
freed from tar, gas liquor, and light oil fraction. 
In the Oriental Gas Co., the gas is scrubbed in a 
rotary scrubber with water. The scrubbed gas is 
passed through cyanide washers and finally 
through P. and A. (Pelouze and Audouin) tar ex- 
tractors. The gas is freed from hydrogen sul- 
phide by passing it through a set of cast-iroii 
boxes (purifiers) containing colloidal hydrated 
ferric oxide rendered alkaline, when the follow- 
ing reaction takes place : 

Fe203 -f3H 2«->Fe2S3 f 3H aO 
The adsorbent is revivified by aeration. 

The purified gas is forced through metering 
devices by gas boosters into gas holders of 3—4 
million c. ft. capacity, whence it is distributed 
through a governor to the mains. The gas hold- 
ers are of telescopic design, i.e., expansible in 
stages, each stage being sealed by water levels, 
the pressure being J Ib./sq. in. 

Coal gas is often enriched with blue or carbu- 
retted water gas, or occasionally with producer 
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TABLE O.-GAS PRODUCTION & COAL CONSUMPTION 



Coal 

oonsumerl 

Gas genorated 


(tons) 

(million c. ft.) 

1947 

143,50.'; 

2,11,3*7 

1948 

148,269 

2.120-2 

1949 

140,424 

2.040*5 


gas. In Calcutta the gas is supplied without 
enrichment. It has a calorific value of 450 B.t.u./ 
c. ft. The Bombay Gas Works enrich the gas 
.supply with blue water gas. 

Table 6 gives the amount of coal consumed 
and gas produced in India. 

The percentage consumption of gas for different 
purposes in Calcutta during 1948 was: industrial, 
35-57; domestic, 32-58; public lighting, 22-34; hos- 
pitals, 6-27; private lighting, 2-37; and schools & 
colleges, 0-87%. There is a larger demand for 
gas in the winter months than during summer. 
In 1948, 3-8 million c. ft. of gas per day were 
consumed during the 6 winter months, as com- 
pared with 3-1 million c.ft. of gas per day during 
the 6 summer months. The consumption of gas 
in Bombay was 18-9 and 19-6%, for public lighting 
during 1948 and 1949 respectively, and 70-4 
and 69 -2^;^ for private lighting and heating in- 
cluding 8% for industrial use. 

The resulting coke is often weak as compared 
to metallurgical coke. The coke produced by 
the Oriental Gas Works has the following ave- 
rage composition: moisture, 3-65; ash, 21-55; 
v.m., 2-73; and f.c., 75—72%; cal, val., 11,410 
B.t.u. /lb. The gas coke is used for domestic 
consumption. 

By-products Recovery 

The crude gas as it leaves the ovens 
(c. 800 ”) contains steam, tarry vapours, naphtha- 
lene, benzol, and ammonia, all of which are con- 
densible; in addition, it contains the normal cons- 
tituents of unpurified coal gas viz., hydrogen, 
methane, olefines, carbon monoxide, carbon 
dioxide, hydrogen sulphide, hydrogen cyanide, 
and nitrogen. 

The crude gas leaves the oven by the ascension 
pipe and passes to the hydraulic mains which are 
about half full of liquor and tar. The ascension 
pipe is bent over and dips into the liquid which 
thus acts as a seal for each oven when the retort 
is opened for charging. Steady cooling is aimed 
at in order to remove naphthalene, and to con- 
dense the tars in the following order: (1) heavy 
tars in the hydraulic mains, (2) medium tars in 


COAL CARBONIZATION 

the foul or suction mains which connect the 
hydraulic mains to the condensers, and (3) light 
tar and tar fog in a separate part of the plant. 
The condensers may bo air-cooled or water- 
cooled. Most of the tar and about half of the 
ammonia arc condensed, the latter being found 
in the aqueous layer or ammonia liquor (or simply 
liquor) in the tar wells. 

The exhauster, which is placed next to the con- 
densers, draws the gas from the ovens through 
the condensers and then forces it through the 
purifying plant consisting of: (1) a tar fog puri- 
fier in which the gas is bubbled in a fine stream 
through ammonia liquor (electrical precipitation 
plant may be employed for this purpose), (2) 
ammonia scrubbers in which the ammonia is re- 
covered from the gas by spraying with w^eak 
liquor, (3) benzol scrubbing towers in which the 
gas is scrubbed with a solvent oil for extracting 
benzol, and (4) iron oxide purifiers for the 
removal of hydrogen sulphide from the gas. In 
the condensing and scrubbing plant, the gas is 
first treated for the recovery of tar and the light 
oils are the last to be removed; in between thc.se 
processes, ammonia is removed as ammonium 
sulphate or sometimes as ammonia liquor. The 
purified gas may be used as such for heating 
and illumination or it may be further treated 
to obtain a variety of gas mixtures for the synthe- 
sis of organic chemicals. 

The crude gas from the ovens contains about 
120 grains of hydrogen cyanide per 100 c. ft. 
About 30% of this is removed as ammonium 
cyanide and thiocyanate, and the remainder is 
absorbed by iron oxide to give ferrocyanide and 
thiocyanate. These may be recovered from the 
spent oxide if desired. Hydrogen cyanide may 
also be recovered by washing the gases with an 
alkaline solution of ferrous sulphate, before they 
pass on to the iron oxide purifier. 

The liquor and tar are run to a tar well 
where they form two distinct layers and are 
separately drawn off. Part of the liquor goes to 
the hydraulic mains and the remainder is used 
in the manufacture of ammonium sulphate. 

Light tar and tar fog are separated by cyclone 
extractors, impact extractors, or by electrostatic 
precipitation, the last being the most efficient. 
In the rotary or cyclone tar extractor, the ga.sos 
are drawn through an iron casing in which a 
fan revolves at 600 r.p.m. and the gas stream 
sprayed with water. In the impact type, such as 
the P. and A. extractor, the tar and other consti- 
tuents are drawn against a combination of per- 
forated and plain plates. The tar globules pass 
through the perforations and impinge on the 
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plates, condensation being thereby effected. In 
electrostatic precipitation, the gas enters a cham- 
ber from the top, descends round the outside of 
a number of vertical tubes, and rises upwards 
inside them, finally leaving the chamber through 
an outlet. Charged electrodes run through the 
centres of the tubes, and particles of tar and 
moisture which are not precipitated mechanically 
during the descent around the tube, are deposited 
on the inside walls of the tubes due to electrosta- 
tic repulsion as the gas streams upwards. The 
precipitated tar and moisture collect at the base 
of the chamber and pass to storage through a seal 
pot. 

Coal tar (q.v.). — ^Tar is recovered in all carboni- 
zation plants, except from the Beehive ovens. 

Ammonia. — By-product ammonia industry has 
suffered in importance since 1918, due to rapid 
developments in the production of synthetic 
ammonia. Only a few coke oven plants in U.S.A. 
(less than half the number) recover ammonia 
(Collings, 53). 

Three processes are available for the recovery 
of ammonia from coal gas, viz., indirect, direct 
and semi-direct processes. The indirect process 
is employed only in gas works. Ammonium sul- 
phate is recovered in 4 coke oven plants in India 
by the semi-direct process. A direct recovery 
plant is in operation at Kusunda. 

In the indirect process, the ammonia obtained 
as liquor in different coolers and scrubbers is 
steam distilled after the addition of milk of lime, 
and the ammonia passes into the saturator con- 
taining dil. sulphuric acid. In the direct process, 
the tar-free gas is passed direct to the saturator. 
The process is simple and economical, but is not 
much used as the sulphate produced is coloured. 
In the semi-direct process, the pre-cooled gases 
are further cooled to condense the tar and a subs- 
tantial part of the water vapour carrying all the 
fixed and a part of free ammonia. The main gas 
stream containing the bulk of free ammonia 
is freed from tar fog and passed into the 
saturator. The liquor obtained by cooling is 
distilled, and the liberated ammonia mixed with 
the main gas flow prior to its entry into the 
saturator. The process has definite advantages 
over the direct process; no scrubbing is necessary, 
and the need to distil the large quantities of 
scrubbed liquid is obviated. The ammonium sul- 
phate obtained is not coloured. 

The sulphate settles at the conical bottom of 
the saturator as a pasty mass of crystals, and 
is ejected by steam or compressed air on to a 
table for draining off the mother liquor. The 
salt is finally centrifuged after neutralization, if 


necessary, dried in a steam-heated drier, and 
packed in bags for the market. The ammonium 
sulphate should be free from traces of moisture 
and free acid, for if these are present, the pro- 
duct cakes up and becomes lumpy. Neutraliza- 
tion with ammonia or ammonium carbonate and 
proper drying are therefore important. The final 
product is suitable for use as fertilizer (With 
India, Pt. 1, 97). 

The yield of sulphate is 20—28 lb. per ton of 
coal carbonized. The production in pre-War 
years was c. 25,000 tons; in 1944, 20,000 tons of 
sulphate were produced. The production during 
the 3 years 1946 to 1948 was 19,000, 18,400, and 
16,200 tons respectively. 

Benzol . — The gas from the saturator contains 
vapours of benzene, toluene, xylene and higher 
homologues. They are not removed by simple 
condensation as their partial pressures are less 
than their equilibrium vapour pressures. Other 
substances which may be present in the gas are 
naphthalene, hydrocyanic acid, hydrogen sulphide, 
and carbon disulphide. 

The first benzol recovery unit (100,000 gal./ 
yr.) was installed in 1920 at the works of the 
Bararee Coke Co., Kusunda. This was followed, a 
few years later, by another unit (37,500 gal./ 
yr.) at Giridih. During World War II, benzol reco- 
very plants were installed by the Government of 
India in the iron and steel works at Jamshedpur 
and Hirapur. The annual capacity of these units 
is as follows: benzene, 2-1 million gal.; toluene, 
0*42 million gal.; and solvent naphtha, 0*1 million 
gal. (Rep. Indian Coalfields Comm., 1946, I, 229). 
A crude benzol plant is in operation at Kulti. 

Benzol or light oil is stripped from the gas by 
scrubbing with a solvent oil (creosote is the 
solvent employed by Bararee Coke Co.; crude 
petroleum oil is used in Jamshedpur). Prior to 
this treatment, he gas is freed from naphthalene 
(c. 10—30 grains per 1,000 c. ft.) in a naphthalene 
scrubber by spraying cold water. 

The cooled gas from the naphthalene scrubber, 
is scrubbed with absorption oil circulated counter- 
current to the gas flow in a series of towers or 
in static or rotary multi-film washers (Gas World, 
1942, 117, 59; Gas J., 1943, 242, 753). It is not 
usual to extract all the benzol hydrocarbons from 
the gas, as such elimination lowers the calorific 
value of the gas. The recovery efficiency of in- 
dividual products can be controlled by using 
absorption oils saturated to varying degrees. 
Thus by using saturated absorption oil, toluene 
and xylene can be recovered at the expense of 
benzene, while if a partially stripped absorption 
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oil is used, benzene recovery is effected at the 
cost of toluene and xylene. 

The benzol ized oil after pre-heating to about 
95" in a heat exchanger passes down the stripping 
still and is distilled with low pressure (10 lb.) 
live steam, when the benzol hydrocarbons are 
liberated. The light oil obtained is washed with 
cone, sulphuric acid to remove unsaturated, 
easily resinifiable hydrocarbons (hexene, cyclo- 
pentadiene, etc.) and bases, neutralized with 
caustic soda to remove acid constituents, especial- 
ly phenols, and finally washed with cold water. 
The debenzolized absorption oil is continually 
recycled for further use. A notable advance in 
benzol recovery is the adoption of vacuum con- 
ditions for stripping (Gas World, 1942, 117, 670). 

Light oil can also be recovered by adsorption 
with activated carbon and silica gel. The acti- 
vated carbon process is simple and automatic, and 
its high efficiency (90%) is unaffected by changes 
in temperature. However, the process is not flexi- 
ble, and is unsuitable for gas containing hydrogen 
sulphide. It is rarely used in coking practice 
[Reed, Bull. Brit. Coal Utilizn Res. Ass., 1945, 9, 
(8), 230; Gas J., 1944, 243, 318, 345, 379; Gas World, 
1944, 120, 142; Gas Times, 1944, 41, 28]. 

Crude benzol consisting chiefly of benzene, 
toluene, and xylenes is designated 50/90’s, indi- 
cating that 50% by volume distils at 100", and 
90^,^ at 120^ It is fractionated into 3 or more 
‘cuts’, e.g., motor benzol, benzene, toluene, 
xylenes, and solvent naphtha. Each of these is 
refined with cone, sulphuric acid and caustic soda 
solution for the removal of sulphur compounds — 
hydrogen sulphide (HgS), carbon disulphide 
(CSjj), thiophene and various mercap- 

tans and organic sulphides — and gum-forming 
compounds, viz., cyclo-pentad ionc styrene 

indene and cumarone (C^ Ho O) 

(Fielder, J. sci. indust. Res., 1946, 4, 467). Each 
fraction is refractionated under reduced pres- 
sure in rectifying stills. Individual xylenes are 
not usually separated from each other and their 
mixture with the higher boiling fraction of light 
oil is marketed under the name Solvent Naphtha. 

In Indian practice the crude benzol is redistilled 
in rectifiers into three fractions: (1) benzol con- 
taining mostly benzene and some toluene, (2) 
toluol containing mostly toluene and some 
naphtha, and (3) still-bottom containing solvent 
naphtha and xylene. The first fraction on redis- 
tillation gives pure benzene and some toluene, 
whereas the second fraction gives pure toluene 
and some naphtha. The first two fractions may 
be mixed and sold as motor benzol. The still- 
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bottom is usually marketed as such for making 
varnishes. Occasionally it is redistilled to give 
xylenes and light and heavy solvent naphthas. 

Benzene (CoHa) is the simplest member of the 
aromatic hydrocarbons. It is a highly refracting 
liquid boiling at 80-2’ and melting at 5-5". It 
is .soluble in water to a very small extent and is 
miscible in all proportions with ether and other 
organic solvents. 

The bulk of the benzene (c. 80%) obtained 
from the coking industry is marketed as motor 
benzol. It is mixed with petrol in quantities up 
to 50% for use as motor fuel. The blends have 
better anti-knock properties, and higher heat of 
combustion per gallon than ordinary petrol. The 
distillation range for motor benzol is specified 
as: not less than 60% at 100’, not less than 
85% at 120°, and not less than 95% at 145°. It 
must al.so conform to colour, oxidation, and 
maximum sulphur tests. In U.S.A., the demand 
for benzene for chemical uses is so great that 
there is little production of motor benzol. 

The following commercial grades of benzol are 
specified in B.S.S. No. 135 (1939): (1) 90’.s Benzol, 
90-95% boiling at 100"; 97% boiling at 115°; 
(2) Industrial Benzole, boiling range similar to 
motor benzol, free from unsaturateds; (3) Pure 
Benzol, 5—95% distilling within a range of 0*5°; 
and (4) Pure Benzol for nitration, 5-97% dis- 
tilling within a range of 0-4° between 79-5° and 
80-5°. 

The industrial uses of benzene are extensive. 
As solvent, it is employed in the production of 
paints, varnishes, lacquers, polishes and leather 
dre.ssings, rubber and water-proofing solutions, 
cleaning and degreasing agents, and adhesives and 
plastics. 

Pure benzene is widely employed in the chemi- 
cal industry. It is converted by nitration to 
nitrobenzenes from which aniline and benzidine 
are manufactured. Sulphonation and chlorination 
of benzene yield benzene sulphonic acid and 
chlorobenzene respectively from which phenol 
(see Coal Tar) can be synthesized. P^rom these 
compounds are derived a large number of dye- 
stuff intermediates, which also find important 
uses in the fine chemical industry. p-Dichloro 
benzene and DDT are important insecticides 
derived from benzene. A recent development is 
the catalytic alkylation of benzene with propyl- 
ene, obtained from petroleum refinery gases, to 
form cumene (isopropyl benzene), a hydrocarbon 
of high octane rating, which is blended with high 
performance aviation petrol. 

Benzene is used in U.S.A. for the manufacture 
of styrene, synthetic phenol, nylon, aniline, 
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solvents, diphenyl, synthetic detergents, mono- 
cholorobenzene, dichlorobenzene, nitrobenzene, 
etc. IChem. Engng, 1949, 56 (2), 118 J. 

The production of pure benzene in India is in- 
significant. It is anticipated, however, that with 
the development of chemical and dyestuff indus- 
tries, the demand for pure benzene and industrial 
benzol w^ould increase. About 1 million gallons 
of motor benzol were produced annually during 
1946 - 1948. 

Toluene ( ). — Toluene is the second 

member of the aromatic hydrocarbons. Com- 
mercial toluene is extracted and refined in the 
same manner as benzene. A considerable propor- 
tion of the toluene extracted from coke oven gas 
is included in motor benzol. 

During World War II, the toluene required 
for explosives (T.N.T.) was obtained in U.S.A. 
mainly from heavy petroleum naphtha by 
the hydroforming process (Chem. metall. Engng, 
1941, 48, 77; Petrol. Refiner, 1943, 22, 95; Chem. 
Engng, loc. cit.). A plant was erected in Germany 
for the production of toluene by the catalytic in- 
teraction of benzene with methanol using an 
acid zinc silicophosphate catalyst {Chem. Tr. J., 
1946, 118, 369). 

B.S.S. No. 805 (1939) for toluene is as follows: 
(1) Pure Toluol, 5—95% boiling within 1°; (2) 
Pure Toluol for nitration, 5—97% boiling within 
0*4" (between 110 and IID; (3) 90 Toluol, 5% 
(maximum) boiling at lOr, and 90% (minimum) 
at 120^ and (4) 95 Toluol, 5% (maximum) boil- 
ing at 107-5’, and 95% (minimum) at 120“. 
These products must conform to tests for colour, 
acid, and maximum sulphur content. The pre- 
sent production of toluene in India is negligible. 

Pure toluene, although not so widely employed 
in the chemical industry as benzene, is of consi- 
derable importance in the synthesis of saccharin, 
drugs, pharmaceuticals, and dyestuff intermedi- 
ates. It is employed as an industrial solvent for 
alkaloids, cellulose esters, dopes, enamels, lac- 
quers, varnishes, resins, rosins, and waxes. It is 
also used to extract animal and vegetable fats 
and oils and for degreasing bone and hair. 

Toluene is employed in U.S.A. for the produc- 
tion of benzyl chloride, bcnzal chloride, benzoyl 
chloride, benzotrichloride, benzoic acid, sodium 
benzoate, benzaldehyde, benzene hexachloride, 
and cinnamic acid (Shearon, et al., Industr. Engng 
Chem, 1949, 41, 1812). 

Xylenes [OflH|(CH 3 ) 2 l. — There are three isome- 
ric xylenes: ortho-xylene (b.p., 144*5“; m.p., 
—25*2’), meta-xylene (b.p., 139*1“, m.p., —47*9“), 
and para-xylene (b.p., 138*44°; m.p., 13*3“). The 
xylenes are recovered from coke oven and gas 


works gases, but a more important source of 
xylenes is petroleum. Out of 63 million gal. of 
xylene produced in U.S.A. in 1948, 55 million gal. 
were obtained from petroleum {Chem. Engng, 
loc. cit.). About 30 million lb. of ortho-xylene 
are reported to be made in U.S.A. per year by the 
petroleum refineries by hydroforming (Weiss & 
Weiss; Chem. Engng News, 1949, 27, 972). 

The separation of the three isomeric xylenes 
is somewhat difficult and requires special equip- 
ment. Xylenes are generally used as such with- 
out separation for technical purposes. The mix- 
ture of xylenes is a solvent widely used in the 
paint and rubber industries and in the prepara- 
tion of printing inks. 

Fractions heavier than the xylenes are market- 
ed as Heavy Solvent Naphtha. They are used as 
solvent for paints, varnishes, ester gum, enamels, 
pitches, bitumen, and also in disinfestatio.i 
naphthas. They are also used as illuminant and 
for the preparation of coumarone resins. Xylenes 
are becoming increasingly important as raw mate- 
rials for plastics. Other uses are for the manu- 
facture of moth proofing agCxits, pharmaceuti- 
cals, sulphonic acids, xylene musks (perfumes), 
phthalic anhydride and other intermediates 
(Lowry, II, 1153). 

B.S.S. No. 458 (1939) for xylenes includes: (1) 
2° xylol, 5—97% boiling within 2" (between 138' 
and 142“); (2) 3“ xylol, 5—95% boiling within 3“ 
(between 138“ and 144 '); and (3) 5“ xylol, 5—95% 
boiling within 5“ (between 135“ and 145“). These 
are acid-washed xylols and have a flash point 
(Abel) of not below 75 “F. 

The present production of xylene in India is 
negligible. 

The following coal tar solvent naphthas are in- 
cluded in B.S.S. No. 479 (1939): (1) coal tar sol- 
vent naphtha 95/160, 5% (maximum) boiling at 
125“, and 96% (minimum) boiling at 160'; (2) coal 
tar solvent naphtha 90/160, 90% (minimum) boil-, 
ing at 160“; (3) heavy coal tar naptha 90/190, 5% 
(maximum) boiling at 160“, and 90% (minimum), 
boiling at 190“; (4) heavy coal tar naphtha 90/190 
(unrectified); and (5) heavy coal tar naphtha 
90/200 (unrectified). Heavy napthas have a 
flash point (Abel) not below 75 “F. 

Coke Oven Gas. — The gas obtained from benzol 
recovery plant may amount to 10,000 c. ft. per 
ton of coal with a calorific value of 450—500 
B.t.u./c. ft. It is generally used without further 
treatment for heating coke ovens. If the coke 
oven plant is situated in or near a steel plant, 
the surplus gas and practically the entire output 
from compound ovens is utilized for heating steel 
and other industrial furnaces. When the gas is 


140 



COAL CARBONIZATION 


required for public utilities, however, it has to 
be purified by passing through colloidal hydrated 
ferric oxide to remove the hydrogen sulphide (0*7 
— 1*5% by volume). The presence of sulphur 
is objectionable for certain types of industrial 
heating. 

Processes for eliminating hydrogen sulphide 
by washing have been developed. In the Seabord 
process a weak solution of sodium carbonate is 
employed. An aqueous solution of ethanolamine 
is employed in the Girbitol process. Hydrogen 
sulphide is subsequently recovered and used for 
the production of sulphuric acid, or sulphur may 
bo recovered by partial combustion in a Claus 
kiln. In the Ferrox process, an alkaline soda ash 
solution containing suspended iron oxide is used 
to scrub the gas in towers containing wooden 
grids. Sodium hydrosulphide is formed which on 
aeration is oxidized to sulphur (Lowry, II, 971, 
984 990). 

’ Nii/:!b3+ HgS ►NiiHS 1 NaHCOa 

Niil IS HdOj -h .JO 2 ►NaaCOa +11^0 +S 

In the Thylox process (Lowry, II, 973), a neutral 
thioarsenate salt is used for scrubbing the gas. 
A higher thioarsenate is produced, by reaction 
with hydrogen sulphide, and on subsequent aera- 
tion, sulphur is precipitated and the arsenic com- 
pound is reconverted to the original thioarsenate 
Nt’ Asij^e^ 

Na4AsaX^ l-JOa ►Na.jAMaSfPa+S 

Other organic sulphur compounds, such as 
carbon disulphide, thiophene, carbon oxysulphide, 
mercaptans, etc., occur in minor amounts as impu- 
rities. Carbon disulphide and thiophene may be 
removed by benzol washing. Attention is not 
usually given to the removal of these impurities. 

Coke oven gas may be used as a source of 
hydrogen and ethylene, for ammonia synthesis in 
the form of hydrogen-nitrogen mixture, and for 
hydrocarbon synthesis in the form of hydrogen- 
carbon monoxide mixture. Compression-refri- 
geration methods, such as the Claude and Linde 
processes are used for producing hydrogen and 
ethylene, and a gas mixture for ammonia synthe- 
sis. In both processes, the gas is purified, com- 
pressed, and allowed to cool by expansion until 
all the gas constituents other than hydrogen are 
liquefied. The liquid on fractional distillation is 
separated into three fractions— ethylene, 
methane, and carbon monoxide. The processes 
differ only in the method of cooling. In the 
Claude process the compressed gas (30—40 atm.) 
is allowed to expand while doing external work, 
whereas in the Linde process the compressed gas 
(100—200 atm.) is expanded at atmospheric pres- 
sure without performing external work. The 


compressed gas remaining after liquefaction con- 
sists of hydrogen. It is washed with liquid nitro- 
gen which completely removes the impurities and 
forms a 3:1 mixture of hydrogen and nitrogen 
for ammonia synthesis (Reed, loc. cit.). 

For obtaining a 2:1 mixture of hydrogen and 
carbon monoxide, the gas may be reformed by 
converting the methane fraction at about 1,200’ 
into carbon dioxide, water, and oxygen. In the 
Fischer process, the gas containing methane is 
passed along with steam through coke in a water 
gas generator and mixed with the resulting gases. 
In the Linde process, the gas is passed through 
a bed of coke maintained at 1,200 1,350° along 
with a controlled supply of oxygen. It is claimed 
that 90—95% of methane in the gas is converted 
by this method. Both Kuhlmann and Koppers 
processes make use of thermal reformation at hot 
inert surfaces where the gas and steam react. 
The Koppers process is more efficient and is 
widely used in Germany. In the I, G. Farhenin- 
dustrie catalytic process, a mixture of steam and 
carbon dioxide react with methane on a reduced 
nickel surface at about 800° (Reed, loc. cit.). 

Low Temperature Carbonization 

Considerable work has been carried out on 
low temperature carbonization of coal at the Fuel 
Research Station, England. A large number of 
processes have been suggested, but few have been 
successfully developed to the stage of commercial 
exploitation. The costs involved arc high and 
the prices realizable for the principal products 
are low. 

Low temperature carbonization of brown coal 
is an established industry in Germany. Two 
million tons of raw tar are produced annually 
from 35 million tons of lignite. During World 
War II, aviation spirit and motor fuel were pro- 
duced in quantity by hydrogenation of tar, and 
paraffin wax was extracted. Low temperature 
carbonization of bituminous coals yields a reac- 
tive coke which can be utilized for the produc- 
tion of synthesis gas for Fischer-Tropsch process. 
Low temperature carbonization of bituminous 
coal is now carried out only in the United 
Kingdom, though during the War a few plants 
were in operation in Japan. 

Types of Ovens , — The ovens may be heated 
externally and/or internally. Also the ovens 
may be stationary or revolving, horizontal or 
vertical. The process may be continuous or 
intermittent, and the coal charges may be at 
rest or kept moving. 

Externally heated ovens give a lower output 
per retort; hence a large number of retorts 
involving heavy capital outlay is required. The 


141 



COAL CARBONIZATION 

Coalite plant (Bone & Himus, 388) widely used 
in the United Kingdom consists of stationary 
retorts which arc worked intermittently. The 
retorts, which are made of special alloy steel, 
are heated by radiant heat inside chambers 
built of firebrick chequer-work, and a nest of 
12 retorts is connected to a common head 
and a common base. Non-swelling bituminous 
slacks or blends of coal with breeze are used. 
Each retort carbonizes about 11 cwt. of coal in 
4 hrs. The residual fuel is discharged into seal- 
ed cooling chambers below each retort and the 
gaseous products drawn off into hydraulic mains. 
The uncondensed gases are detarred by electrosta- 
tic precipitation and then passed through oil 
scrubbers for the recovery of gas spirit. One 
ton of coal (v.m., 30%) gives: coke, 14 cwt.; tar, 
18 gal.; gas, 4,000—4,500 c. ft.; and gas spirit, 
4 gal. The coke (v.m., 5—6%) is of good qua- 
lity, and is used as domestic fuel. 

Another oven of the externally heated type is 
the stationary narrow brick retort developed by 
the Fuel Research Station, England (Tech. Pap., 
Fuel Res. Lond. No. 35 & 38, 1933; Rep. Fuel Res. 
Bd Lond., 1931—35) designed to operate in the 
same manner as the continuous vertical retorts 
used in coal gas manufacture. The coal is fed 
at the top and the coke removed continuously 
at the bottom into a coke chamber and steam- 
quenched. Heating is effected by means of hori- 
zovital flue inside retort walls. The throughput 
is 6—10 tons of coal in 24 hrs. The approximate 
yield per ton of coal (moisture, 3%; v.m., 35*5%; 
ash, 7%) of standard caking power is: coke, 14-4 
cwt.; tar, 15-2 gal.; gas, 6-455 c. ft.; and gas 
spirit, 1-4 gal. 

Internally heated ovens involve less capital ex- 
penditure and give a higher output, but the 
resulting gas is diluted and thus has a low calori- 
fic value. Also, the process restricts the type and 
size of coal to be used, as only weak-coking 
lump coals (3 -4 in.) can be successfully treated. 
The temperature of carbonization being higher, 
the nature of products is different and the reco- 
very of tar and spirit from the large gas yields 
is difficult and expensive. 

A particular type of internally heated retort 
is the Lurgi carbonizer which has come into much 
prominence. It has been tried commercially in 
Germany and Japan, (Rep. U.S. Bur. Min. No. 
7430, 1948). In 1939, 18 Lurgi plants were in 
operation in various parts of the world with a 
total capacity of 42, COO tons of coal per day. The 
plant is suitable for carbonizing high volatile 
bituminous coal of weakly caking quality (C. I., 
2—3). Strongly coking coal cannot be used nor 


can completely non-caking coal be used due 
to the formation of excessive quantity of fines. 
The carbonizer is generally built in groups of 
four retorts, each having a capacity of 300 tons 
of coal per day. It consists of an upper cham- 
ber in which the sized (4 in.) coal is dried at 
250” by upward flowing waste gases and a lower 
retort in which the dried coal is carbonized at 
600” by hot combustion gases passing through 
a specially designed flue and gas diffuser. 
The carbonized coal is pas.sed to a third 
chamber where it is cooled to 100" before dis- 
charge. The moving parts in the plant are 
the rotors of gas circulating blowers, scraper for 
preventing accumulation of dust and tar in the 
gas off-take mains, the reciprocating grate for 
removing serni-cokc from the carbonation zones, 
and the rotary seal valves for discharging the 
cooled semi-coke into a bolt conveyor. 300 tons 
of coal on carbonization give 200 tons of semi- 
coke, 4,148 gal. or 15-4 tons of fuel oil, 1,490,400 
c. ft. of gas (122 B.t.u./c. ft.), 713 gal. or 2-13 
toils of motor gasoline, 5-7 tons of pitch, 4-6 tons 
of cresylic acid, and 0-85 ton of crude paraffin. 

Efforts have been made in India for setting 
up low temperature carbonization plants for the 
production of soft coke and recovery of by-pro- 
ducts. During World War II an experimental 
plant (60 tons coal /day) was installed by 
the Bihar Government at East Ena Colliery, 
Jharia. It is of the German Kohler Gas type, 
internally heated and continuously operated. 
Great difficulty has been experienced in work- 
ing the plant, and it has remained unproduc- 
tive. It is suitable for carbonizing weak or 
medium-coking, non-swelling, high volatile coals 
of graded size. The original plant was designed 
to carbonize coal briquettes or brown coals, using 
producer gas for heating. A proposal to instal 
a small plant (25 tons /day) in Hyderabad is 
under consideration. 

Soft coke . — Low temperature carbonization of 
coal without by-product recovery is carried out 
in India for the production of soft coke. During 
the slump period 1925—35, production of smoke- 
less domestic fuel from low grade coals was start- 
ed in the Jharia coalfields. In 1929, the Indian 
Soft Coke Cess Act was enacted for the promotion 
of soft coke industry in Bengal, Bihar and Orissa. 
A Soft Coke Cess Committee, financed by the 
proceeds of a cess of 2 annas /ton of soft coke 
despatched by rail from Bengal, Bihar and Orissa, 
was formed for promoting the sale and for im- 
proving the methods of manufacture of soft coke. 

Bengal and Bihar coal fields are the principal 
suppliers of soft coke. In 1941, there were over 
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TABLE 1.— SOFT COKE FROM JHARTA FIELDS 



Qi.y. 


(tons) 

1917 

226,120 

1027 

008,012 

1937 

830,784 

1940 

002,825 


165 registered collieries manufacturing soft coke. 

The method of manufacture is wasteful. The 
coal is stacked in heaps or bhattas of 15—20 tons 
with flues or chimneys. The fuels which are 
equally spaced are first erected with large pieces 
of raw coal, and the space between them is filled 
with coal pieces of varying dimensions. The 
stacks vary in size from small heaps to large 
stacks, 25 ft. x3() ft. at the ba.se and 7 — 8 ft. high. 
Fires are started in each of the flues. The flames 
are smothered at intervals with .slack or dust coal 
or ash to control the passage of air into various 
parts of the stack. About 7 10 days arc required 
for carbonization, after which the stacks are 
quenched by spraying water. The resulting soft 
coke is a mass of charred coal, half burnt coal, 
and more or less completely carbonized coke. It 
is graded and marketed as domestic fuel. 

Production 

Table 1 gives the despatches of soft coke from 
the Jharia fields. 

The present average figure from Jharia coal- 
fields is about 900,000 tons. An additional 100,000 
tons are produced in other coalfields. The total 
of 1,000,000 tons is obtained by the carbonization 
of c. 1*3 million tons of coal (Rep. Indian Coal- 
fields Comm., 1946, I, 45). 

COAL TAR 

Coal tar is the dark brown or black, oily, and 
viscous fluid of characteristic odour which sepa- 
rates from the gases formed during the destructive 
distillation of coal. It is a mixture of a large 
number of chemical compounds, about 200 of 
which have been extracted and identified. 
Formerly coal tar was considered to be a waste 
product, and its disposal was a source of embar- 
rassment to the industry. The position is now 
changed, and coal tar forms an important raw 
material for the chemical industry. 

During the process of coking or carbonization, 
coal is subjected to destructive distillation in 
suitably designed retorts or ovens and the volatile 
products passed into collecting mains, coolers, and 
detarrers, for separating the liquid and solid 


COAL TAR 

components from gaseous products. Coal tar thus 
obtained is associated with ammoniacal liquor 
which may be partially separated by settling in 
open tanks. 

Coal tar is a colloidal suspension of carbona- 
ceous particles or micelles in an oily medium 
composed of a mixture of solid and liquid com- 
pounds. The micelles (free carbons, f.c.) vary 
considerably in size from macrons to microns 
down to ultra-microns. Each micelle consists of a 
core of fusible resinous matter of high carbon/ 
hydrogen ratio, surrounded by protective layers 
of more fusible resins. The viscosity, specific 
gravity, and chemical composition of coal tars 
vary appreciably according to the condition under 
which coking or carbonization takes place. The 
yield and composition of tar depends mainly on: 

(1) the rank and composition of the coal carboniz- 
ed; (2) design of coke oven or retort; (3) tempera- 
ture of coking; and (4) rate of coking. The tars 
obtained in industrial processing conform to the 
following main types: 

(1) High temperature coal tar (coke oven) 

(2) Low temperature coal tar 

(3) High temperature coal tar (Hori-") 

zontal retort) Iwnrv 

(4) High temperature coal tar (Vorti- f ^ 
cal retort — continuous or inter-j 
mittent) 

(5) (a) Producer gas coal tar, 

(b) Bla.st furnace coal tar, and 

(c) Water gas tar. 

The principal object of the destructive distilla- 
tion of coal being the production of coke or coal 
gas, the coking process is designed to give the 
maximum yield of either metallurgical coke or 
coal gas of desired specifications, and the produc- 
tion of coal tar is incidental. There has been 
very little work on the conditions necessary for 
the production of tars of specified properties. 

Low temperature (450—700°) carbonization pro- 
duces a high yield (8 — 13% by wt. of coal) of a 
brown, thin, oily liquid in which paraffinic com- 
pounds are present to an appreciable extent. On 
the other hand, the tar obtained in high tem- 
perature (900—1,200°) carbonization, is a thick 
black, viscid fluid , which is predominantly aro- 
matic in character. This difference in the 
character and composition of the tars is due to the 
fact that in the latter case the primary tar, first 
produced by the thermal decomposition of coal, is 
further decomposed, the nature and extent of de- 
composition being governed by a number of 
factors such as the design and size of the oven 
and the temperature in the space above the coal 
charge. The differences between the two tars 
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will be clear from the figures given in Tables 1 
and 2 (Fisher, Bull U.S. Bur. Min., No. 412, 1938). 

Analyses of representative high temperature 
coke oven tars (U.S.A.) gave the following aver- 
age composition (Table 3). 

Table 4 gives the physical properties of coal tars 
obtained from different processes. 


1. - CJiAUACTEKISTICa iW COAr. TARS 



Low teiiiporatiiro 
coal tars 
(ftOlPl 

High tomporaturo 
coal tars 
(1,000°) 

Yield of tar ( 

% by wt.) S-50 

5 m 

Sp. gr. 

1-06 

1*18 

Tar acids (% 

by vol.) 18-4 

4-6 

Tar bases 

11 

1-3 

Neutral oils 

„ 40 0 

2ft0 

'[’AULK 2.— COMT'OSITIOX OK NKUTRAT. OILS 


Low tomporaturo 
coal tars 
(% vol.) 

High tom}Joraturo 
coal tar.s 
(% vol.) 

Olefines 

12-9 

13*3 

Aromatics 

01-3 

83*3 

I*arnfilna 

25*8 

3-3 


TABLE 3.— CONSTITUENTS OF TAR* 

%(by wt.) 
on dry tar 


Li^ht oil s 

Crudo bonzone and tolueiio 0*3 

Coiunarone, indoiie, etc. 0*6 

Xylenes, cumenes, and isomerB 1 * 1 

Middle and heavy oils : 

Naphthalene 10*9 

Uniilentided oils in range of naphthalene 
and inothylnaphthalonos 1 • 7 

Monomethylnaphthalenes 2 * 5 

Dimoihylnaphthalenes 3 - 4 

Acenaphthene 1 * 4 

Unidentiflod oil in range of acenaphthene 1*0 
Fluorene 1 * 6 

Unidentiflod oil in range of Hnorone 1 * 2 

Anthracene oil : 

Phenanthrono 4 • 0 

Anthracene 1 * 1 

Carbazole, etc. 2 - 3 

Unidentified oils, anthracene range 5*4 

Phenol 0-7 

Phenol homologiios (largely cresols and 

xylenols) 1*5 

Tar bases 2 3 

Yellow solids of jjitoh oils 0* ft 

Pit oh greases ft * 4 

Resinous bod ies 5*3 

Pitch (m.p., 460° F.) 44-7 

♦Lowry, It, 1,326. 


TABLE 4-~-PUYSI0AL PROPERTIES OF COAL TARS* 



Retort gas 

tar 

Oven gas 

tar 


r " ■ “■ 

Horizontal 

rotort 

— , ^ 

Vortical 

rotort 

Slot 

oven 

Solo flue 
oven 

Sp. gr. at 15.5° 

1- 24— 1-30 

1- 13— 1-16 

MO— 1-25 

1*085— 1-110 

Viscosity (Kngler) 100 c.c. 

at lOO** in Seconds 

160—640 

40—45 

40—95 


Free carbon or insuliible in 
beiizol-tfilucd % 

20—10 

2—6 

4- 15 

2—6 

Unsiilpbonatod residue % 

•• 

0*-.5 

0—5 

-- 

Light oil (up to 210°), % 
by vol. 

1—3.5 

2—10 

0,5—4 

6-7—15 

Mitldlo oil, heavy oil and 
anthracono oil (210-355°), 

% '>y vol. 

25—30 

1 

o 

1 

o 

CO 

55—62 

Total oil to pitch (m. p., 

140°F.), % by vol. 

13—20 

26—29 

15—39 

c. 60 

Total oil to pitch (m. i., 

200“F.), % by vol. 

18 23 

c. 37 

29—40 

60—60 

* Roeora, T, 050 
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hydraulic mains, and in the scrubbers or conden- 
sers of gas works. It is less fluid, contains less of 
the lighter hydrocarbons, more naphthalene, 
anthracene and allied oils, and more free carbon 
than tar from other sources. 

Producer gas tar contains large percentages of 
water and free carbon, and small amount of oils. 
It yields on distillation a friable pitch of no 
commercial value. Blast furnace tar is a low 
heat tar (sp. gr., 0-94--1-00) obtained from blast 
furnaces when fed with coal instead of coke. It 
contains more phenol oid and basic components 
(phenoloids, 5-10'/; basic substances, 2-5SO 
than ordinary coal tar, and about 16'/ paraffin 
oils. The phenoloid substances are similar to 
those derived from the distillation of wood and 
lignite. These tars are entirely different from 
coal tar. Water gas tar is obtained during the 
manufacture of carburetted water gas for illumi- 
nating purposes. It differs from other tars in its 
being entirely free from tar acids and ammoniacal 
liquor, and in its containing but a small percent- 
age (usually <2/) of free carbon. Dry water 
gas tar, on distillation, yields 5 — 15'/ light oil, 
30—50% heavy oil, and 35—60% pitch (Rogers, 1, 
649). 

Only high temperature coal tar is manufactured 
in India. A small amount of coal tar is produced 
in .horizontal retorts by the Oriental Gas Co., 
Calcutta, and Bombay Gas Co., Bombay. Low 
temperature tar is not produced in India. 

The total capacity for the production of coke 
oven tar is 88,000 tons per annum, and the yield 
of tar from coal is 2-5'/r (by wt.) or 4—5 gal. per 
ton of coal coked. Of this 73,800 tons (84'/.>) is 
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produced by the Tata Iron and Steel Co. at 
Jamshedpur and the Indian Iron and Steel Co. 
at Hirapur and Kulti near Asansol. The remain- 
der is produced by colliery coke oven plants. The 
joint capacity of the two gas works amounts to 
6,500 tons of coal tar per annum bringing the 
total production capacity to 94,500 tons. The 
yield of gas works coal tar is 10 gal. or 5/ (by 
wt.) per ton of coal carbonized. 

Composition and properties . — Low ternpeiature 
tar contains olefines, naphthenes, paraffins, 
phenols, and pyridine bases, while benzene and its 
homologues and naphthalene and anthracene salts 
are absent. High temperature tar contains pitch, 
benzene and its homologues, naphthalene, anthra- 
cene, and traces of aliphatic hydrocarbons 
(Lowry, II, 1301). 

High temperature coke oven tars produced in 
India vary somewhat in composition. The analy- 
tical values given in Table 5 are indicativi' of the 
nature of the three main types of Indian coal tars. 

Type A is representative of the coal tar pro- 
duced in the rapid coking ovens operating at 
1,200". Coal tars of this typo constitute 85'/ of 
the total tar production, and are characteriz- 
ed by comparatively low oil and tar acids, and 
high naphthalene contents. Type B is representa- 
tive of coal tars produced in coking ovens operat- 
ing at 900". Coal tars of this type constitute 8/' 
of the total tar production, and are charactei ized 
by high oil and tar acid, and low naphthaUme and 
free carbon contents. Type C is representative of 
gas works coal tar which comprises of the 
total. It is characterized by high oil, tar acid, 
and free carbon contents. 


TABLE 

5— ANALYSIS OF INDIAN COAL TAKS 



A 

B 

C 

V'iseosity* (at 30° in sol*s.) 

C— IC 

1—5 

<1 

Sp. gr. at 15° 

1.18—1.23 

1.10—1.16 

1.10.7 

Ammoniaeal liquor, % 

1—3 

2—5 

2— .7 

Oils distilling up to 200°, % by wt. 

1.5 

4 

8 

„ „ from 200 io 270°, „ „ „ 

10— IS 

15—20 

IS 

270 to 300° 

5—7 

0—8 

5 

Crude tar acids, % by vol. 

0.8— 2.0 

2.5— 4.5 

3.5 

Cmde naphthalene, % by wt. 

2.0— 8.0 

1. 0—2.0 

2..7 

Medium pitch (softening pt., 70°). by wt. 

60—65 

50 -60 

65 

Free carbon insoluhlo in toluol, % by wt. 

6—10 

2—4 

17 


♦ Redwood, Modiiiod B.R.T.A. (British Road Tar AsROciation) method. 
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Uses. — About 90U' of the net production of coal 
tar in India is subjected to distillation. The rest 
is used chielly for coating country boats and for 
the treatment of fishing nets, wooden poles, iron 
poles, etc. 

There was a considerable glut of coal tar in 
India during the period 1934- 38, and the chief 
producers of coke oven coal tar jointly arranged 
for disposing of the surplus as fuel (cal. value, 
15,000- 16,500 B.l.u./lb.) in the steel works after 
satisfying the demands of distillers and dealcr.s. 
About 15,000 tons were disposed of annually in 
this manner. The demand for tar distillation pro- 
ducts increased, and its use as fuel was disconti- 
nued in 1938. Coal tar was used as fuel again in 
1942 to meet the shortage of coal in the steel 
works. 

In countries other than IJ.S.A., where motor 
fuels an? not so abundant, low temperature tars 
are hydrogenated to obtain petrol and diesel fuels. 
The possibility of producing commercial products 
like gasolim', cresylic acid, fuel oil, domestic coke 
etc. by the pyrolysis of low temperature coal 
tars have been extensively studied (Egloff et at., 
Industr. Eiigng Chem, 1940, 32, 39). 

Coal tar of pharmacopoeial standard is used in 
therapy as a substitute for wood tar in external 
applications to rc'lieve itching and to combat 
inflammation in such diseas('s as lich(?n ruber, 
prurigo, eczema, etc. It is less irritating than 
wood tar and loss likely to produce toxic 
conditions after absorption. It is most fre- 
zinc oxide-petrolatum ointment has been used for 
ringworm and as an antipruritic application for 
skin disea.ses. A combination of 4% coal tar dis- 
tillate, 3% sulphur, and 3[( salicylic acid in a 
water-soluble base is u.sed for eczema-deirnatitis 
and fu.igous infections such as athlete’s foot and 
ringworm of the scalp. Coal tar solution in 
alcohol and quillaja (Quillaja saponaria) is used in 
diluted form as a wash for eczema, and a chloro- 
formic solution is used as antiseptic in the treat- 
mc?nt of skin diseases (U.S.D., 1185). 

Production 

Table 6 shows the gross and n(?t annual produc- 
tion of coke oven coal tar in India since 1935. 

In 1940-41 the gross production ieached the 
peak value of 82,000 tons; in 1941-42 the net pro- 
duction reached its maximum of 74,250 tons. 

The quantity of tar available for disposal, prior 
to 1942-43, was 90- 95% of the gro.ss production, 
a part being retained at producers’ works for 
internal use. More tar is now consumed by pro- 
ducers, and during 1947/48 — 1948/49,2 only 53 - 
58% of the gross production was available for 
disposal. 


TARLIO PJtODU erPTON 

OF CORK 

OA’FN TAH 


Gn).ss 

Nrt. 


(tons) 

(tons) 

1935/30 -1 »3S/»1) (av.) 

02,590 

57,250 

19:19/40— 1942/43 (av.) 

70,450 

05,200 

1943-44 

04,500 

3S,500 

1944-45 

00.000 

37,500 

1945-40 

07,500 

40,000 

1940 47 

04,000 

3S,000 

1947 4S 

04,000 

37,000 

194.S 49 

02,000 

.34,000 


The average price of crude tar ex works was 
Rs. 43 per ton during 1935/36 -1936/37, and Rs. 50 
per ton during 1937/38 — 1938/39. During the 
next 7 years, the price was maintained at Rs. 55 
per ton. The price in recent years was: 1946-47, 
Rs. 62; 1947-48, Rs. 70; and 1948-49, Rs. 74 per ton. 

Coal Tar Distillation 

A large number of chemical compounds have 
been identified in high temperatun? coal tar, but 
the crudes obtained by distillation form the most 
important products from the commercial point of 
view. The principal crudes are: creosote and 
other distillates, road tars, and industrial pitches. 
Various chemicals are present in these crudes, but 
actually only a few are present in sufficient 
quantities for commercial extraction. The prin- 
cipal products recovered are: tar acids, naphtha- 
lene, anthracene, carbazole, and pyridine.' 

The main object of distillation is to remove the 
volatile oils from the pitch, and to effect a prelimi- 
nary fractionation of the distillates, which, in 
their turn, are w^orki'd up singly. Coal tar is 
fractionated into light oil, middle oil, heavy oil or 
creosote oil, anthracene oil, and pitch. 

The Indian coal tar distillation industry utilizes 
only the coke oven tars as raw material. The 
main distillers are the Shalimar Tar Products 
(1935) Ltd., Lodna, Bararee Coke Co. Ltd., 
Kusunda, both located in the Jharia coalfields, 
and the Bengal Chemical and Pharmaceutical 
Works Ltd., Panihati (near Calcutta). The com- 
bined distillation capacity of these works is more 
than sufficient to deal with the maximum produc- 
tion of crude coal tar from all the coke oven in- 
stallations in the country. In addition, small 
quantities of gas works tar are distilled in a 
number of plants located in Calcutta and Bombay. 

Two processes are employed for distilling tar — 
the intermittent and the continuous. In the in- 
termittent process, pot stills are used, and on 
completion of the distillation, the still is cleared 
of the residue and charged again for subsequent 
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Fig. 47. — ^Tar prodiiels refinery 


cJistillalion. In the coniinuous process, Uir is fed 
at; one end and Uie products are diawn from 
dinv-renl portions of the plant at definite tenip(*ra- 
ture ranges; economy in heat consumption is 
secured and a maximum yi('Id of volatile products 
ensured. Hot stills, T.LC. (Thenttal Industr'Ktl 
Chemical Research Co., Ltd.) stills, and Cascade 
stills (continuous) are used in India. Kxcept the 
Shalimar Tar Products (193f)) Ltd., which use 

VAPOUR HEAT 



only Cascade and T.LC. stills, all tlic other works 
employ pot stills. Tube or pipe stills which arc 
used in large tar distillation plants in LI.K. 
and U.S.A. are not in use in India. 

Prior to distillation, tar is allowed to stand in 
tanks to separate the ammoniacal liquoi’. 

Pol stills of capacities varying from 10 to 30 
tons per charge* are employed lor distillation. The 
still, madi‘ of mild sti'cl, is cylirulrical in shape 
with a concav(' bottom, and is set vertically in 
biick work. The vapours are led to a fractionating 
column and thence to a water-cooled condenser. 
Heating is regulatc'd in the initial stages, until tlie 
water present in the tai- is expelled to avoid 
frothing. The distillates are collected in a series 
of ‘cuts' of increasing b.p. range or, according to 
increasing sp. gr.. range. To oveicorne the 
trouble dui* to frothing, and at the same time 
to elfect fuel economy, modern pot still installa- 
tions are operated on the double still system, in 
which the hot vapours from the fire healed still 
pass through a dehydrator a coil immei.s(*d in 
the ci’ude tar foi- the next charge; flu* tar in the 
dehydrator loses water, and the light oils which 
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are carried over with the water vapour are 
condensed and collected. 

When the distillation is compk.'tc (24 -28 hrs.), 
the residual tar or pitch is drawn through a drain 
pipe via a cooler to storage or to pitch bays. 

The four main fractions obtained by distillation 
arc: (1) light oil (up to 170"), (2) middle oil or 
carbolic oil (170 230 ), (3) heavy oil (230- 270'), 
and (4) anthracene oil (270—340 or higher). 

Cracking during the later stages of distillation 
in pot stills is reduced by the admission of dry 
steam into the still and circulation of inert gases 
such as carbon dioxide or nitrogen. 

By distilling in vacuum, the final tar tempera- 
tures are lowered and the yield of oil increased. 

Horizontal intermittent stills are preferred in 
America. The satisfactory operation of these 
.stills depends on the skill of the operator. The 
present trend is towards continuous units which 
lend themselves to regulated operatioa leading to 
lower labour costs, fuel economy, and relatively 
high output per unit of capital expenditure. 

Cascade still . — The Cascade still operating in 
one of the distillation works in India is designed 
on the model of the still originally employed in 
the petroleum rclining industry. The distillation 
lakes place in a series of three horizontal cylindri- 
cal shells through which the coal tar gravitates 
in a steady flow. The temperature is stepped up 
in successive stills and the vapours are drawn off 
and condensed to yield distillates of increasing 
specific gravity and boiling point range. The in- 
coming crude first passes through a heat exchanger 
and is heated by the outgoing residue. The distil- 
lation is carried to the point at which the pitch 
residue has the desired softening point range 
(25— 50\ 70 -I: 5", 100 ' and upwards). When 

distilling to a medium pitch residue, the operating 
temperatures of the three stills are 230% 255% and 
320"' respectively. The first still incorporates a 
special design to facilitate the evaporation of 
water present and so obviate frothing, while in 
the subsequent stills open steam is supplied by 
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perforated pipes to maintain agitation, assist distil- 
lation, and reduce coking at the still bottoms. 
The fractionation of the distillate is effected in 
the overhead columns. The vapours are cooled 
in water-cooled coil condensers and the conden- 
sates arc allowed to cool and settle for several 
days. 

The distillate from the first still conforms to 
the middle or carbolic oil fraction which, after 
straining from the solid deposit of crude naphtha- 
lene paste, is treated for the extraction of tar 
acids. The distillates from the second and third 
stills are usually blended and, after separating the 
solid anthracene paste, are sold as creosote for 
wood preservation. 

The residual product from the last still after 
passing through the heat exchanger is either run 
into barrels, drums or pitch bays where it solidi- 
fies or to mixing tanks where it is blended with 
selected oils to conform to various road tar 
specifications. 

The tube still consists of a scries of tubes set in 
an oil-fired furnace, through which crude tar is 
passed in a continuous stream at a rela- 
tively high speed. The hot tar is then flashed 
into a column where the vapours are fractionated 
into a number of distillate cuts in a single opera- 
tion. Tube stills operating on the multi-flash 
system in which one column is used for each frac- 
tion and the charge is made to flow through them 
in series, are also in use. 

In the T.I.e. distillation units, the crude tar, 
instead of circulating through tubes as in tube 
stills, circulates in a thin film (i in. thick*) over a 
layer of molten lead. The hot tar is flashed into a 
single column. The tar passes through the .still 
in three minutes and the pitch formation is low. 
Provision is made for mechanically sw'eeping out 
impurities on the surface of the metal to the pitch 
outlet. The distillation rate and the yields of 
distillates are high. 

The temperatures at which the crudes are distil- 
led depend on the type of residue required. 
Carbolic oil fraction distils over between 170® 
and 230% and coal tar creosote, between 230' (or 
200' ) and the point at which the residual pitch 
is drawn. The distillate obtained below 170® is 
the light oil fraction or crude naphtha consisting 
of benzene, toluene, xylene, etc., together with 
small quantities of tar acids, tar bases, hydro- 
carbons of the paraffin and cyclo-paraflin series, 
and the resin-forming compounds such as coumar- 
one and indene. 

The yield of light oil from coke oven tar is 
negligible and is not generally further treated. 
Whatever oil is collected is used as Refined 
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Light oil 


("arbolic! or 
mitldlo oil 


Cruiln ciuil iur, ritcli 

(*n‘osuto or 
heavy oil 


Solvent naphtha 


1 h'iivy 

na])liiha 

l’lithali<' iinliydritlo 


Tar Naj>hthnlono (^rcHylie 

aeitl-s c-roosoto 


Anthra?ono (’il 


Heavy eieosoto 


riionol Creosole or 

rrosylic a(.‘i<l 


Xyhamls J I igh boiling 

tar u.eid« 


Hletid I 


Aiithra‘-oiio Carbaze >Jc 


Solvent Naphtha. Gas works tar contains appre- 
ciable quantities ol' light oil. 

The middle or carbolic oil contains up to 25'y« 
(by vol.) of tar acids— phenols, cresols, xylenols. 
and other high boiling acids. It is either treated 
for the recovery of tar acids or is sold as crcsylic 
creosote after separating naphthalene. The frac- 
tion distilling between 160° and 190° is marketed 
as Heavy Naphtha. 

Coal tar creosote, which is the principal product 
T.tni.K 7.- C().\l> TAK DISTIMAOI) IN’ INDIA 



Qty, 

(Tons) 


1*0,500 


30,000 


44,700 

19.TJ-4D 

40 1*00 

1940-41 

51,0(M) 

1941-4*2 

01,700 

194*2-13 

17,000 

1943-44 

33,700 

1944-45 

33.000 

1945-10 

40,000 

1940 47 

31,500 

1947-48 

33,000 

1948-49 

30,000 


Hoild Tiir 

of coal tar distillation, is Ihc fraction which 
distils between 2:i0 ’ and 300' (or 360 ). It is 
generally marketed without further refining as 
wood preservative. Sometimes, the fraction boil- 
ing above 270 (sp. gr.. > 1-09) is recovered 
separately as Antluacene Oil. Anthracene and 
carba/.ole obtained from this fraction are import- 
ant raw materials for the dye-stuff iadustry. Coal 
tar creosote also contains small quantities of tar 
acids and phe.iols which can be recovered if 
desired. 

The residue constituting 60—65'/ of the raw- 
tar is either road tar or coal tar pilch, depending 
on the extent to which the volatiles are removed 
through distillation. The pitch is graded as soft, 
medium, or hard, according to the softening range. 

Production.— Tho quantity of coal tar distilled 
and refined in India steadily increased from 15,000 
tons in 1930 to over 60,000 tons in 1942. Table 7 
gives the quantities of coal tar distilled in India 
since 1933- 34. 

Coal Tar Products 

Primary distillation of coal tar effects only a 
rough separation of the constituents. Prior to 
1939, tar distillers in India confined their attention 
to the production of road tars, creosote, and pitch. 
During the pa.st decade, efforts have been made to 
recover naphthalene, phenol, cresylic acid a. id, 
occasionally, anthracene and carbazole. 

Solvent naphtha . — The light oil fraction or 
crude naphtha may be treated for the manufac- 
ture of benzol by the removal of phenols, bases, 
and unsaturated hydrocarbons, or for the 
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manufacture of benzene, toluene, xylene, and 
solvent naphthas of different grades. The yield 
of coal tar light oil is small, and solvent naphtha, 
distilling between 12tV^ and 160 , is obtained from 
crude benzol recovered from coke oven gas. 

Pyridine is the parent substance of the tar b^ises 
extracted from tlie distillates by washing with 
dilute mineral acid. It is a liquid (b.p., 116') 
possessing a pungent and unpleasant odour. In 
the presence of tar acids it forms loosely bonded 
salts boiling up to 180". As extracted from crude 
benzol, light oil, and other coal tar distillates, the 
tar bases compri.se a mixture with a boiling range 
of 116 - 250 ’. After extracting the tar acids, the 
distillates are mixed with sulphuric acid and, on 
standing, an acid layer settles out. This is diluted 
with water, neutralized with lime or caustic soda, 
and steam distilled. The pyridine bases distil 
over and form a separate layer o i the addition of 
caustic soda solution in which they are insoluble. 
The crude pyridines, after dchyration, are frac- 
tionally distillc'd to specified boiling point ranges. 

Refined pyridine bases are maiketod commer- 
cially in two standard grades, viz., (1) 90% boiling 
below 140", (2) 90N boiling below 160". They are 
mixtures of pyridine with picolines, lutidines, col- 
lidines and higher homologues. 

Although used on a small scale in the manufac- 
ture of dyc's and pharmaceuticals, the main uses 
for pyridine are as denaturant for .spirit and as 
industrial solvent. 

Tar bases are present in coke oven tars to the 
extent of 2 — 3^ , of which pyi idine itself forms 
less than W(. Commercial pyridine is produced 
in India on a small scale from gas works coal tar 
distillates. 

Naphthalene - Crude coal tar contains 1—10% 
naphthalene, the percentage ineneasing with the 
coking temperature. The middle oil on cooling 
yields a crystalline deposit consisting primarily 
of naphthalene. It is whizzed in a centrifuge and 
hot-pre.s.sed in a steam-heated hydraulic pre.ss to 
yield crude naphthalene blocks. For the prepara- 
tion of moth balls, the crude naphthalene is 
further purified by melting and treating succes- 
sivtdy with cone, sulphuric acid, caustic soda 
solution, followed by washing with water and 
crystallization. It is finally distilled under 
vacuum when a refined product molting at 79-5 - 
80° is obtained. It may be melted and crystalliz- 
ed, or cast into blocks, or pulverized and made 
into balls. On subliming, naphthalene is obtained 
in flake form which may be employed for preserv- 
ing and curing skins and hides. 

Naphthalene is mainly used as in.secticide and 
moth repellant in the preservation of clothes and 
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fabrics. It is used in the manufacture of phthalic 
anhydride, /l-naphthol, anlhraquinone, tetralin, 
decal in, and chlorinatc'd naphthalenes. 

Naplithalc'rii* is obtaincHi in Vt yield from 
Indian coke oven tar. Allowing for the reduced 
tonnage' of crude far normally available for dis- 
tillation, c. 1,500 tons of refined naphthalene can 
b(' annually rc'covcred oconomically. The quantity 
actually produced in India is about 800 tons per 
annum, most of which i.s used for moth proofing 
of clothes (Information from D.G.I. & S.). A 
method lor production of phthalic anhydride 
from naphthalene by vapour phase oxidation in 
the pi(‘senco of vanadium catalyst was evolved 
in the laboratories of the Council of Scientific 
and Indus! lial Resi'arch, India (Indian patent 
No. 29,374, 1948). It is now being worked com- 
mercially by the Shalimar Tar Products (1935) 
Ltd. 

Table 8 gives imports of naphthalene into India. 

Of the average annual imports of 9,329 cwt. 
during the (}uinquennium ending 1938-39, Belgium 
supplied 53*5; Japan, 14-5; Czechoslavakia, 10-7; 
Germany, 8-8; United Kingdom, 7-6; and Union 
of South Africa, 3*1%. 

Imports of naphthalene? are subject to a revenue 
duly of 30^y ad i'>alorem. 

Tar acids are present in the middle or carbolic 
oil fraction constituting 10- 20% of the tar. The 
chief members of this group are; phenol, crcsylic 
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Qty. 

\’aliin 


(fwt.) 

(n«.) 

11)34/35-4038/39 (av.) 

0,320 

I,37,S0l 

1030/40 101.3/14 (av.) 

4,014 

00,224 

1044-15 

4,444 

2,22,501 

1045-40 

4,340 

2,18,25:> 

1040-47 

2,103 

1,37,702 

1047-48 

1.042 

78,548 

1048-40 

1,424 

08,214 

1040 50 

I.-'TSO 

82,443 


acids (o-, 771-, and p-crcsols) and xylcnols. Middle 
oil also contains high boiling tar acids. 

After separating naphthalene, the middle oil 
fraction is agitated with 10' ^ caustic soda solution 
in a paddle agitator mixer. The phenols dissolve 
in the alkali and pass into the aqueous layer 
wliich is separated from the neutral oil layer. 
Caustic soda shows a greater affinity to phenol 
than to cresols and heavier tar acids, and ad- 
vantage is taken of this fact to neutralize the tar 
acids in stages and separate phenol from cresols 
and xylenols. 

The tar acids from the caustic soda extract are 
liberated by reaction with carbon dioxide or dil. 
sulphuric acid. Carbon dioxide treatment is pre- 
ferred as the sodium carbonate formed can be 
recausticized and utilized for further extraction. 

The liberated tar acids are separated from the 
aqueous sodium carbonate solution by decanta- 
tion, dehydrated, and fractionally distilled to give 
phenol, cresols, and xylenols. These cuts on re- 
fractionation yield high purity phenol and o- 
cresol. The high boiling tar acids are obtained 
as cuts with definite boiling ranges. 

The percentage yield of tar acids (total yield, 
O-'i'/r of which 0-1'c is phenol and 015'< , cresols) 
from Indian coke oven tar is low as compared 
with the yield from tars distilled in U.K. and 
U.S.A. (total yield, 4*5% by vol. of which 0-7% 
is phenol and cresols and xylenols). Coke 

oven tars produced at lower temperatures contain 
a higher percentage (3-5'/J) of crude tar acid.s, of 
which 0-4% is phenol and 0-9%, cresols. 

The potential annual recovery of refined tar 
acids from 90,000 tons of crude tar is estimated 
to be: phenol, 100 tons; cresols, 150 tons; and 
high boiling tar acids, 175 tons. The actual pro- 
duction in 1949 was: phenol, 12 tons; and cresols, 
16 tons (Information from D.G.I. & S.). These 
yields are quite inadequate to meet the demands, 
and if allowance is made for the reduced tonnage 
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of crude tar normally available for diiAillation, it 
is estimated that not more than half the potential 
yield is likely to be attained. 

Phenol . — Pure phenol (m.p.. 41"; b.p., 181-7 ) 
is the parent member of a series of compounds 
present in tar acids. It is .soluble in water to the 
extent of 1 part in 13. It first received promi- 
nence as an antiseptic under the name carbolic 
acid. Although it is still used as an antiseptic, 
it has the disadvantage of being a poison and 
is caustic to the skin, and for these reasons it 
has been to a large exle.it replaced by cresols 
and high boiling plienols. Partially refined 
phenol, known in the trade as carbolic acid 6()’s, 
(m.p., <-. 15 .) contains water and cresols as impu- 
rities (B.S.S. No. 515 -1938). Commercial pure 
phenol sliould conform to B.S.S. No. 523 -1938. 

The major part (c. 75' ^) of phenol is now 
manufactured by synthetic processes developed 
during World War I, when large quantities of 
phenol V'cre required for the production of picric 
acid. Three processes are now employed. Accord- 
ing to one of these, sodium benzene sulphonate, 
obtained by sulphonalion of benzeru*, is fused 
with caustic soda to form sodium phemate; the 
phenol is released from the salt with mineral 
acids. This process involves the use of 4-3 lb. of 
chemicals per lb. of phenol. The process has been 
partly superseded in U.S.A. by the more economi- 
cal process of hydrolyzing chlorobe.izenc to 
obtain phcmol. In the Dow process, chloro- 
benzene is hydrolyzed at high temperature and 
pressure (3,000 Ib./sq. in.) with dilute sodium car- 
bonate solution in the presence of a copper cata- 
lyst. In the more rc’cent Raschig process (B.I.O.S. 
Final Rep. No. 507), benzene is treated with hydro- 
chloric acid in the presence of air and a catalyst 
to produce chlorobenzene. Hydrolysis of the 
chlorobenzene is brought about by steam at high 
temperature in the presence of catalysts. Hydro- 
chloric acid is evolved in the second stage, and is 
recovered and utilized in the first stage. It is 
estimated that in 1947 about 48' ^ of the produc- 
tion of synthetic phenol (245 million lb.) in U.S.A. 
was via chlorobenzene, 43' ^ by sulphonation of 
benzene, and 9'< by the Raschig process (Skeen, 
Chein. Encinq News, 1948, 26, 2256; Chern. Tr. J., 
1948, 123, *249). 

A large quantity (c. 60' ?) of the phenol produc- 
ed is used in the manufacture of .synthetic re.sins 
of the phenol-formaldehyde type. Nitration of 
phenol yields picric acid. Phenol is utilized in 
the synthesis of a number of antiseptics, drugs 
and dyes via mononit ro and sulphonie acid deriva- 
tives. Carbonation of phenol yields salicylic acid. 
Phenol is employed in the manufacture of wetting 
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TATTLE 9. IMrOKTS OF CAKBOLIO ACID 



Qty. 

Valuo 


(cwt.) 

(Ks.) 

1931/35— 193S/3U (av.) 

729 

36,580 

1939/40-1043/44 (av.) 

831 

59,318 

1944-45 

5,8 1.S 

5,67,775 

1945-46 

J,661 

1,65,561 

1940-47 

267 

14,375 

1947- 18 

108 

7,265 

1918-49 

583 

42,327 

1949 .10 

3,443 

2,90,332 


agents and detergents, synthetic tannins, per- 
fumes, insecticides and germicides, plasticizers, 
and photographic developers. It is also used as 
a selective solvent in some industrial operations, 
especially in the refining of lubricating oils. 

Table 9 gives the imports of carbolic acid into 
India. The shares in imports of different coun- 
tries during the quinquennium ending 1938-39 
were: U.K., 62*5; Germany, 20-0; and Japan, 
14-0%. 

Imports of carbolic acid are subject to a revenue 
duty of 30^, r ad imlorem, 

Cresylic acid and Cresols . — All the three iso- 
meric cresols (ortho, b.p. 190-8"; rneta, b.p. 202-8"; 
and para, b.p. 202-1") occur in tar acids. Like 
phenol, the cresols have valuable bactericidal 
properties and the advantage of being less 
toxic. As they are only slightly soluble in water 
(1 part in 50) they have to be used in the emulsi- 
fied form. Lysol, one of the well known commer- 
cial brands of emulsified cresol, is used as a surgi- 
cal antiseptic (see Disinfectants). Cresol B.P. 
excludes the lower boiling o-cresol. 

Cresylic acid (tricresol) is employed in germici- 
dal soaps, as a preservative for leather, glues and 
adhesives, and in certain applications as wetting 
agent and selective solvent. The Duosol process 
for the production of high grade lubricating oil 
employs a mixture of phenol and cresol in con- 
junction with liquid propane for the solvent 
extraction of waxes and asphalts. 

o-Crcsol is converted to tricresyl phosphate and 
widely used as plasticizer. The mixed cresols arc 
employed as anti-oxidants or gum-inhibitors in 
motor fuels. The cresols are employed in the 
manufacture of dye-stuff intermediates, perfumes, 
and formaldehyde resins. 

The plastics control specification includes three 
grades of cresols, the value of the grade increas- 
ing with m-cresol content. 
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Grade 1 

Grade 2 

Grade 3 


% 

/o 

% 

m-CreSol 

40*42 

49-51 

52*53 

o-Crosol 

10*15 

6*80 

6*80 


Other specifications for cresols are: B.S.S. 517 
(1948) for cresylic acid of high o-cresol content; 
B.S.S. 521 (1948) for cresylic acid of 50/55% m- 
cresol content; B.S.S. 522 (1948) for o-, m-, and p- 
cresols; and B.S.S. 524 (1948) for refined cresylic 
acid. 

Creosote oil. — Creosote oil is the oil or blend of 
oils distilling above 200". Primary distillation of 
coal tar yields a series of creosote oil fractions 
which may be given further treatment and blend- 
ed to specifications for various uses. The main 
creosotes marketed are Cresylic Creosote, Creosote 
Oil for wood preservation, and Creosote Oil for 
benzol recovery. 

Cresylic creosote is obained from the middle oil 
fraction after separating naphthalene and dilut- 
ing with various percentages (20-40% by vol.) 
of high boiling tar acids prepared from the middle 
oil. It is sold for the manufacture of coal tar 
disinfectants (see Disinfectants). This creosote 
should have a sp. g. of c. 1-0 and should contain 
a specified proportion of tar acids by volume. 

Creosote oil for wood preservation is a wide 
range fraction of creosote oil boiling mostly above 
235". It is unequalled as a cheap timber preserva- 
tive. Creosote oil is easily absorbed into the pores 
of most sapwoods, remains firmly fixed, and ren- 
ders the wood markedly durable. Creosote treat- 
ment is best carried out under pressure in 
specially designed plant which ensures overall 
penetration. Coal tar creosote for the preserva- 
tion of timber is governed by B.S.S. 144-1936 
(amended in 1941). On this is based the I.S.D. 
Specification G/O.P. 33C for creosote oil. 

Heavy creosote oil, known as Anthracene Oil 
or Green Oil (b.p., >270; sp. gr.,>l-08), is used 
for the preservative treatment of timbers by 
brushing. The anthracene oil must be strained 
free from solid crude anthracene before use. 

Prior to 1939, approximately 1,500 tons of creo- 
sote were consumed annually for wood preserva- 
tion, mainly for the treatment of railway sleepers. 
During World War II considerable quantities were 
employed for the treatment of wooden planks and 
poles required for the erection of temporary hut- 
ments. The production of creosote was stepped 
up to 3,500 tons in 1942. Due to the reduced 
quantity of coal tar available for distillation, the 
production in 1948 dropped to 1,800 tons (Informa- 
tion from D.G. I. & S.). There is no import of 
creosote into India. 
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Creosote oil for benzol recovery is a middle 
creosote (b.p. range, 230 300') containing less 
than 8% solid constituents. This grade is covered 
by the I.S.D. Specification G/Misc. 93 (1941). Its 
consumption in India is small, as under tropical 
conditions. Gas or Straw Oil from petroleum re- 
fineries is found to be more efficient Tor scrubbing. 
This grade of creosote oil is employed in the 
preparation of bitumen emulsions and cut-backs, 
by virtue of its surface tension and good wetting 
property. It is used in ore separations and flota- 
tion processes. 

Other uses for creosote oil arc: preparation of 
sheep dips, oil washes for orchard trees, fuel for 
heating, and diesel fuel for inteinal combustion 
engines. It is also used as an ingredient of car 
axle grease in admixture with lime, and as a 
starting material for the manufacture of lamp 
black (Gregory, I, 192). Creosote which is 
not suitable for wood preservation can be hydro- 
genated to yield high octane spirit. 

Anthracene . — The heavy oil fiaction obtained 
when coal tar is distilled from pitch contains up to 
0-5'( anthracene. This fraction on cooling and 
settling gives a sediment containing (i oil. 

It is separated by filtration through bag liltors or 
plate filter presses, washed with solvent naphtha, 
centrifuged, and pressed. The anthracene cake 
containing about 20% anthracene is treated with 
light solvent naphtha when a semi-refined pro- 
duct containing approximately 45% anthracene is 
obtained. It is melted and again centiifuged to 
remove the oil. The resulting product contains 
impurities like carbazole and phenanlhrene. The 
carbazole is recovered by treatment with pyridine 
base solvents when anthracene of 90- 95% purity 
is obtained. Phenanthrene is removed by treat- 
ment with naphtha. Carbazole is a basic chemical 
required in the dye-stuff industry. 

Anthracene on oxidation forms anthraquinone 
from which is derived a large series of vat dyes. 
In recent years anthraquinone is mainly synthe- 
sized from phthalic anhydride and benzene. 
Alizarin (di-hydroxy anthraquinone) is tlie parent 
substance of the important alizarin group of 
mordant dyes of which Turkey Red is an example. 

Refined anthracene is not at present manufac- 
tured in India, but it can be made available if 
required. The potential production from 90,000 
tons of crude tar is 450 tons per annum. Under 
actual conditions, economic recovery of anthra- 
cene from Indian crude tar is not likely to exceed 
200 tons annually. The recovery of carbazole is 
about the same as anthracene. 

Coal Tar Pitch is the black or dark brown, solid 
or semi-solid, fusible and agglomerative residue 


remaining after partial evaporation or fractional 
distillation of tars and tar products. It is desir- 
able that the derivation of the pitch be indicated 
(high temperature coal tar pitch, low temperature 
coal tar pitch, etc.). 

Coal tar pitch is designated as soft, medium- 
hard, or hard, according to the softening point. 
There is no sharp line of distinction between a 
viscous road tar and a .soft pitch and these pro- 
ducts overlap to some extent. 

Soft pitch consists of solid or semi-solid residues 
with a softening point (Ring and Ball method) 
below 60 Soft pitch is used as a base for black 
bituminous paints, as a felt saturant, and for 
blending with road tars. Coal tar pitch is resistant 
to corrosive action, and is used in the preparation 
of bituminous paints for coating iron, steel, and 
other structural materials. 

Medium-hard pitch has a softening point (Ring 
and Ball method) between 60" and 75° and has a 
wide variety of uses. It is employed in roofing 
mastics, damp-proof coursing, pipeline coatings, 
dipping solutions for castings, and deck caulking 
and jointing compounds. According to I.S.D. 
Specification No. G/O.P.66A for coal tar medium 
pitch, the softening point range is 70—75". 

Hard pitch has a softening point (Ring and Ball 
method) above 75°. The principal use for this 
grade is for briquetting fuel, e.g., coal dust. 
Hard pitch is also employed in forming electrodes, 
carbon brushes, electric batteries, and Clay 
Pigeons. 

Fluxed pitches are made from a pitch with a 
softening point of 78 ' (Ring and Ball method) by 
fluxing with suitable heavy tar oils. 

B.S.S. No. 1310 (1946) for coal tar pitches defines 
5 grades diftering in softening points from 33° to 
78’ (Ring and Ball method) and covers the range 
required by the building industry. 

Pilch-coke results when coal tar pitch is retort- 
ed and all volatile products are driven off. This 
product is utilized in metallurgical industries for 
special castings and for electrode manufacture. 

The annual production of coal tar pitch in India 
during the period 1939 - 1945 amounted to approxi- 
mately 7,000 tons; this has since dropped to about 
4,000 tons in 1949. 

Table 10 gives the imports of coal tar and pitch 
into India. 

The shares of different countries in the imports 
during the quinquennium ending 1938-39 were: 
United Kingdom, 47*8; Japan, 43*8; and U.S.A., 
5-8'. f. 

Imports of coal tar and pitch are subject to a‘ 
revenue duty of 30% ad valorem. 
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TABLK 10.— IMrORTS OF COAL TAH AND PTTCir 



gty. 

Value 


(«nvt.) 

(ii«.) 

1034/35 -10:{H/30 (Hv.) 

07,270 

2,15,822 

1030/40 -194.3/44 (av.) 

23,033 

1,58,233 


1,75s 

26,531 

1045-40 

12,050 

],3S,.550 

104G-47 

.S,4S7 

l.ls,702 

1047-4S 

10,000 

1,85,504 

J 04s- 40 

10,4.S4 

*» Q*> 77*> 

1040-50 

I0,4S3 

2,31,832 


Road Tar. — According to the British Standard 
Glossary of Ilighioay Engineering Terms, Road 
Tar is a product prepared by treating high 
temperature coal tar in such a manner that it 
conforms to a specification which defines its appli- 
cability for some type of surface construction. It 
is prepared by topping or distilling crude coal tar 
to a stage where most of the phenols and 
naphthaleru?s are removed, and a residue consist- 
ing of pitch dissolved in the less volatile oils and 
conforming to the desired road tar specification is 
obtained. It is preferable, however, to distil the 
crude coal tar to the consistency of a soft pitch 
and then to oil back with a selected distillate, e.g., 
heavy creosote from which the naphthalene and 
tar acids have been extracted. The blending must 
be accurately carried out in order that the visco- 
sity range and other requirements of the specifica- 
tion are fully met. 

The most important property of a road tar is 
its consistency. This is determined by the visco- 


meter which measures the lime in seconds taken 
for a given volume of binder to flow through a 
standard orifice (10 mm.) at a given tempera- 
ture. A modified form of the Redwood Viscometer 
as approved by the British Road Tar Association 
(B.R.T.A.) is used for the determination. The 
temperature of the test is so adjusted that the 
time of flow falls within the range of 10 to 140 sec. 

The grades of road tars now employed for 
surface treatment are of such viscosity as to need 
heating prior to application on the road. Such 
road tars are able? to penetrate and stabilize the 
water-bound macadam as well as to set reasonably 
quickly and bond with the stone metal chippings. 

Road tar specifications cover a wide range of 
viscosities and the selection of the tar is determin- 
ed by the type of surface construction. Low 
temperature coal tars do not yield satisfactory 
road tars. 

Table 11 gives the LS.D. Specification G/Misc. 
72-A (1935) for coal tar for purposes which is 
based on B.S.S. No. 76 (1930 & 1931). 

The corresponding B.S. Specification has since 
been changed, and at present road tar in U.K. 
is governed by B.S.S. No. 76 (1946) according to 
which road tars have been divided into types A, 
B, and C based not on viscosity but on road 
requirements, and covers a wider range of pro- 
ducts. Road tars 1, 2, and 3 belong to type A 
of the new B.S. Specification. The division into 
A, B, and C is related to their rates of setting on 
exposure, as distinguished from the immediate 
set due to fall in temperature at the time of ap- 
plication which is a function of viscosity; type A 
has rapid setting properties; type C which is a 
special material is slow setting, and type B 
occupies an intermediate position. 


Cotii^istotiry or viscosity withia 
ilic ningo 

Water or ammoniaral liquor 

Otlior <listillato (light oils) 
hclow 

DistiJIato between 200° and 
270°. 

Distillate botwoon 270"- 300“ 
(heavy oils) 

Phenols or crudo tnr acids 

NniOvtludeno 

I^’roe carbon 


TARLK 11.— SPKC^rFlCATlONS FOR ROAD TARS 


Road Tar 1 

10—40 se \ at 
30° 

<0 0% by \vt. 
<1% by wt. 


Road Tar 2 

40—125 see. nt 
30° 

<tl'»'>% by wt. 
<1% by wt. 


0*5— 21*0% 

3 . 5 — 120% 

<5 0% by vol. 

<0-0% by wt. 

Max. 2*1% by 
wt. 


so 10-0% 

3-5 -12*0% 

<4 00 /, by vol. 

<5*0% by wt. 

0- 0—21*0% by 
wt. 


Road Tar 3 

70 — 120 see. at 
35“ 

<0*5‘%, bv wt. 

<1% i>y « 
fl-o— 120% 

3-0 -H-0% 

<2 0o/„ by vol. 

<3-0% by wt. 

S-0 -22-0% by 
wt. 
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TABLE 12.-rR()DUCTI()N OF HOAD TAH 



Qty. 

('I’oiis) 

1033 

22,090 

1034 

25,000 

1031) 

.34, (>00 

1942 

49,000 

1913 

27,000 

1944 

1S,000 

194.5 

JS..I0.I 

19 M) 

19,000 

1947 

20,000 

191S 

17,000 


The viscosity range of the tar has been extended 
in the new specification and in order to enable 
the viscosity to be expressed on a single scale, a 
new system of indicating viscosity called Equi- 
viscous Temperature (E.V.T.) has been intro- 
duced. This is the temperature in "C at which 
the tar has a time of flow of 50 seconds as measur- 
ed by the standard viscometer. According to the 
new B.S.S., Road Tar 1, 2, and 3 have E.V.T. 
values 28*7 ', 28*7—35", and 37 40^ respectively. 

Besides, the permissible variations in the pro- 
portions of oils and other constituents are reduc- 
ed and a maximum limit for the total distillate 
has been included. But the most important re- 
quirement which is newly introduced is the 
softening point of the distillation residue and this 
is particularly useful in excluding unsuitable 
road tars. 

For Indian conditions, types B and C are not 
particularly well suited and Type A covers all 
requirements. The adoption of the new specifica- 
tion would enable road engineers to stipulate a 
narrow'er range of viscosity for the road tars they 
require. 

Coal tar primers, road tar emulsions, tar- 
bitumen mixtures, filleriscd and blown tars have 
been developed in other countries. Up to the 
present, however, such materials have not been 
employed in India on other than an experimental 
scale. 

Table 12 gives the production of road tar in 
India. 

These figures appear small, in comparison with 
the annual production of road tars in U.K. and 
U.S.A. (c. 800,000 tons in each country). 

There has been no appreciable import of road 
tars into India although considerable quantities 
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(c. 40,000 tons) of asphaltic bitumen arc imported 
annually for road construction. 

Distillation of Low Temi*krature Tar 

Low temperature tar, on distillation in pipe 
stills, gives: tar acids, 22; diesel oil, 22; washed 
light oil, 3; cresylic pitch, 4; heavy residue, 20; 
paraflin wax, 1-5; and fuel oils, lluxing oils and 
residues, 27-5% (Bristow, J. Inst. FneU 1937, 10 , 
43). The principal distillation products an? phe- 
nols, .spirit, and diesel fuels. The phenolic frac- 
tion consists of c. 05% of rnonohydric a.id 30% 
of dihydric alcohols (catechol, n\sorcinol. etc.). 
The ammoniacal liquor contains 1 2% of pheno- 

lic compounds. Low temperature tar is thus a 
valuable .source of raw materials for the synthetic 
resin and plastic industries. 

The spirit distilled from low temperature tar is 
a valuable motor fuel of high octane number and 
low gumming tendency. It is also suitable for 
aviation purposes. It is composed of 25% paraf- 
fins and naphthas, 50% olefines, and 25% aroma- 
tics, and is comparable to motor spiiit produced 
from natural petroleum. 

Die.sel fuel produced from low tempi*rature tar 
has a low cetane value a id has to be either blend- 
ed with hydrocarbon oils, oi* doped and rendered 
.suitable for high .speed diesel engines. 

The chlorinated xylenols from low temperature 
tar have high germicidal properties. 

Th(' olefinic unsaturated compounds present in 
the low temperature tar are similar to those pre- 
.sent in petroleum, and may be used in the produc- 
tion of synthetic chemicals. Low temperature tar 
is suitable for hydrogenation and foi* the produc- 
tion of petrol. 

COCOA AND CHOCOLATE 

The first factory in India for the manufacture 
of cocoa and chocolate' was stai ted during World 
War I at Bilimoria (Bombay). The factory had 
to be clo.sed down soon after the war due to 
competition from imported products. The 
chocolate confectionery industry utilizing im- 
ported chocolate, however, was well established 
in large cities like Calcutta. Bombay, and Madras. 
A second attempt was made in Bombay in 1938 
to manufacture cocoa and chocolate, but the 
factory failed as the size of operations was un- 
economical. Yet another attempt to establish 
the industry was made during World War II, and 
due to imposition of restrictions on imports and, 
the increased demand from the armed 
forces, the attempt proved successful. 
Messrs. Saihe Biscuit & Chocolate Co. Ltd., Poona, 
commenced production of cocoa powder on a small 
scale and chocolate manufacture was taken up in 
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1941. The production gradually increased and the 
present capacity is estimated at 5,000 cwt. of 
covering chocolate and 1000 cwt. of cocoa powder 
(Indian Tariff Bd, Rep. Continuance of Pro- 
tection to Cocoa Powder and Chocolate Industry, 
1949, 7). There are three other factories in 
India producing chocolate: Pure Products and 
Madhu Canning Ltd., Bombay, producing cover- 
ing chocolate for confectionery and cocoa 
powder; G. G. Chocolate Factory, Agra, Produ- 
cing small quantities of eating chocolate; and 
the EcLst India Distilleries and Sugar Factories 
Ltd., Madras, producing covering chocolate and 
eating chocolate. There are also a number of 
confectionery manufacturers using chocolate 
produced in Bombay or imported from abroad. 
The position has recently changed; the only firm 
which was in continuous production during 1947 
and 1948 was Messrs. Sathe Biscuit and Chocolate 
Co. Ltd., Poona. The Pure Products and Madhu 
Canning Ltd., Bombay have recently installed a 
new plant for making chocolate with an annual 
capacity of 600 tons. 

In addition to the above, Cadbury-Fry (Export) 
Ltd., who have so far been importing cocoa and 
chocolate into the country, are at present erect- 
ing a plant in Bombay for the processing and 
packing of cocoa imported in bulk containers 
during the initial stages. It is proposed in due 
course to equip the factory with plant required 
for the production of cocoa powder for cacao 
bean. 

Raw Materials 

The most important raw material for the in- 
dustry is cacao bean. The cacao tree, Theobroma 
cacao Linn., is indigenous to Central America and 
is grown extensively in Brazil, Gold Coast (West 
Africa), West Indies, and Ceylon. The Brazilian 
beans are considered to be the best, the West 
African ranking second, those from Ceylon taking 
the third place. Experimental cultivation of 
cacao was attempted in Kumtha Forest in North 
Kanara Dt. of Bombay. The beans produced 
were of poor quality and cultivation was aban- 
doned. Supplies of cacao bean were hitherto 
drawn entirely from Ceylon, but with the lifting 
of international control on its distribution in June 
1949, supplies are now obtained from Brazil and 
West Africa also. In the years 1943-44 and 1944- 
45, India imported 1,319 and 1,147 cwt. respective- 
ly of cacao beans from Ceylon. Cacao beans are 
at present imported free of duty. The beans 
are light in colour and possess excellent aroma 
and flavour. 

Other materials required for chocolate manu- 
facture are cacao butter and sugar. The former 


is obtained from roasted cacao beans by expres- 
sion. It is a yellowish fat, made up of about 
55% of oleopalmitostearin and of oleodi- 

stearin with minor amounts of stearodiolein, 
palmitodiolein, and oleodipalmitin. It has the 
following characteristics: sp. gr. 0*970: n"”® 
1*450; setting point, 23-26"; m.p., 33-35"; 

sap. val., 192-195; acid val., 1—3; iod. val., 
35—42; m.p. of combined fatty acids, 48—53“ 
(Hilditch, 111). The butter is useful because 
of its two valuable properties of freedom from 
rancidity and its blandness (Cheney, Econ. Bot, 
1947, 1 , 259). It is hard and brittle. This pro- 
perty which is due to its specific structure 
renders it specially suitable for confectionery. 

The sugar employed for incorporation in 
chocolate should be free from invert sugar. It 
should contain 99*5—99*9% sucrose. 

Manufacture 

Cacao beans required for cocoa and chocolate 
manufacture are freed from the adhering pulp 
of pods through fermentation, a process which 
not only facilitates the removal of the pulp but 
also improves the flavour and aroma of the 
product. Fermented beans are cleaned and 
dried to a moisture content of 5 S'/r . The dried 
beans are cleaned by hand, and roasted carefully 
in rotary drums over fire or by hot air or super- 
heated steam at 160—315°. This treatment leads 
to the development of the typical chocolate 
flavour and aroma, decreases the tannin content, 
and helps to loosen the shells. The roasting also 
changes the colour to dark brown. The roasted 
beans are cooled, and gently crushed soon after 
to fracture the husk and break down the kernels 
into their natural’ angular fragments or nibs 
after which the nibs, husks, and the germs are 
separated by winnowing and sifting. The beans 
contain on an average 80^ nibs, 12—13% husks, 
and 1% germs. The roasted nibs have the 
following percentage composition: moisture, 2*72; 
protein, 12* 12; theobromine, 104; caffeine, 0*40; 
fat, 5012; pure starch, 8 07; crude starch, 11-16; 
fibre, 2-64; other carbohydrates, 19*57; total ash, 
3*32; water soluble ash, 1*16; acid insoluble ash, 
0 02 (Jacobs, II, 567; Winton & Winton, IV, 121). 

The nibs containing 50—55% fat constitute 
the basis of all cocoa and chocolate preparations. 
They are pulverized in a hot stone or steel mill, 
when they arc reduced to a homogeneous molten 
mass owing to the high content of low melting 
fat. The resulting thick cream or paste is run 
into moulds to give Block Cocoa. 

The cocoa mass, is subjected to high pres- 
sure (1- 3 tons/sq. in.) at a temperature of 
70—80" to remove the fat. Cacao butter flows 
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out and is solidified in moulds. The residual 
cocoa mass still retains about 25% of the fat 
originally present in the beans (Jacobs, II, 580). 
It is cooled, ground in special mills, and sifted 
through fine silk screens. The fine powder, 
mixed with flavouring materials and homoge- 
nized, is the cocoa from which the beverage is 
prepared. 

Soluble, Dutch Process Cocoa or Alkalized 
Cocoa is prepared by treating the beans prior 
to roasting, or the milled nibs before pressing, or 
the cocoa cake, with 2- 3% alkali (potassium, 
sodium, or ammonium carbonate, or sodium 
bicarbonate). This treatment neutralizes the 
free acids present, gives a product with a darker 
and richer colour which is loss bitter and posses- 
ses more body on the palate; the product emulsi- 
fies much more easily with milk than the un- 
treated product. It has a pH of 6-8— 7-5 while 
the untreated cocoa has a pH of 5-2- 6 0 (von 
Loesecke, 394). 

Cocoa powder readily absorbs moisture from 
air and should be carefully packed in sealed 
containers. 

Chocolate.— The majority of chocolate prepara- 
tions contain sugar. Some preparations, used 
for special purposes, are unsweetened or contain 
saccharin as sweetening agent. Chocolate 
consumed as beverage often contains up to 20 /f 
arrowroot starch or some other farinaceous 
substance. Chocolate contains more fat than 
beverage cocoa, and in its manufacture block 
cocoa is employed as such. In the preparation of 
products of high quality, cacao butter, obtained 
as a by-product in cocoa manufacture, is added 
and the fat content augmented. Due to the high 
price of cacao butter, however, cheaper non- 
greasy digestible fats, having the hard and brittle, 
or i::nap properties of cacao butter, and a low 
m.p. (not exceeding 37—38'’), are sometimes used 
to replace cacao butter cither wholly or in part. 
Important among such substitutes is Borneo tallow 
(Shorea spp.) and refined and deodorized stearines 
from coconut and palm kernel oils. More recent- 
ly hydrogenated coconut and palm kernel oil are 
being employed (Thorpe, III, 234). 

Plain chocolate is prepared by incorporating 
sugar, cacao butter, and flavouring materials 
with cocoa mass, and grinding the mixture in a 
mill or mclangcur, to a fine particle size. Eating 
chocolate contains about 50% sugar. Sucrose 
should be finely ground before incorporation. 
Vanilla is the principal flavouring agertt, though 
other essential oils, e.g., cinnamon, clove, mace 
and nutmeg are sometimes used. The ground 
mass is then refined by passing it repeatedly 
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through water-cooled massive steel rollers to give 
a smooth velvety mass without grit. More cacao 
butter is added and the mixture is conched or 
subjected to rolling pressure in a granite rect- 
angular box fitted with granite rollers having a 
to-and-fro motion. Conching, which is continued 
for 12-96 hrs., has the effect of removing mois- 
ture, mellowing, and eliminating harshness and 
acidity. It also helps in securing a homogeneous 
velvety mixture in which every particle of sugar 
is uniformly coated with cacao butter and im- 
proves the keeping properties (Crosbie-Walsh, 
220). The conched mass is transferred to tanks 
and stirred at 120-130'’F. This treatment lique- 
fies the fat and ensures its uniform distribution 
throughout the material thus minimizing the 
tendency for fat bloom. 

The tempered chocolate is cooled, and mould- 
ed into blocks, bars, cakes, and fancy shapes. 
Refrigerated moulds are used for removing the 
liberated latent heat, the rate of heat removal 
being so controlled that the fat sots in a finely 
crystalline form. 

Milk chocolate contains in addition dried milk 
powder. The proportion of ingredients used by 
different makers vary. The following may be 
taken as a typical composition : fat-free cocoa 
mass, 15; cacao butler, 25; sugar, 40; and milk 
powder, 20% (Thorpe, HI, 86). The average 
composition of English milk chocolate is: protein, 
7'4; milk fat, 5-5; cacao butter, 26-3; lactose, 8-0; 
and sucrose, 43*2% (Winton & Winton, IV, 127). 

For better grades of chocolate, milk powder is 
replaced by block milk which is condensed 
milk containing about 50% sugar, 40% milk 
solids, and 10%> water (Crosbie-Walsh, 269). 
Chocolates containing block milk are said to 
have better texture and better keeping quality 
than those made with dried milk. Freshly pre- 
pared condensed milk may also be incorporated. 
The product obtained is reported to have the 
characteristic fresh milk flavour. 

One of the main defects of chocolate is its 
tendency to bloom. Fat bloom due to deposition 
of fat particles on the surface makes the product 
greasy and gives it a misty appearance. Also, 
during crystallization, the heat liberated melts 
the low melting fractions of the fat, redistributes 
them and causes fat bloom. Fat bloom may also 
be caused by storage at high temperatures when 
the cacao butter melts and rises to the surface, 
solidifying again on cooling. 

Fat bloom can be eliminated by tempering 
prior to moulding and storage. Prolonged 
conching reduces the tendency to fat bloom. 
Addition of lecithin, or about 0-5% cacao butter 
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which has been blown with air at 250 for a 
prolonged period greatly reduces the tendency to 
bloom (Hildiich, 211). 

If chocolate is stored in an atmosphere of high 
humidity, the moisture that condi'uses on the 
surface dissolves a part of the sugar and, as the 
humidity decreases, the water evaporates and 
sugar crystals appear on the surface causing 
sugar bloom. 

Cheaper brands of chocolates contain wheat 
or potato (lour, rice, arrowroot, dextrin, and 
ground cacao shell. These may be regarded as 
adulterants. 

Nuts, chiefly hazel and almond, are often in- 
corporated in plain and milk chocolate to give 
nut chocolate and nut milk chocolate. 

Many types of chocolates are manufactured 
and sold in which chocolate forms an envelope 
or covering for other products such as creams, 
biscuits, dried fruits and nuts, fruit jelly, liqueurs, 
and medicinal preparations such as pills. The 
most important among these products is covered 
cream. The cream is made ('ither of powdered 
sugar or a mixture of this with glucose with or 
without flavouring a.id colouring materials. The 
mixture is meltc’d and poured into moulds to set. 
It is than covered by melted chocolate either by 
dipping or by pouring, uniformity being ensured 
by using a rocking table (Thorpe, loc. cit.). 

Chocolate should be carefully packed, and 
stored at controlled tempi.'rature and humidity. 
Canning of chocolate has been developed in the 
U.S.A. 

Shells and cacao butter are obtained as by- 
products of the cocoa industry. Shells exposed 
to sunlight are a rich source of vitamin D. They 
are sometimes used after grinding for incorpora- 
tion in the cheaper grades of cocoa and choco- 
late. Occasionally they are used as a beverage 
under the name cocoa tea. They arc used also 
as stock feed and fertilizer. 

Cocoa is used as a beverage; chocolate is used 
mainly as confectionery, and to a smaller extent 
as beverage. The food value of cocoa is 183 units 
as compared with turnips, 8; carrots, 12; potatoes, 
26; rice, 102; wheal, 106; peas, 113; and oat meal, 
117 (Thorpe, III, 88). It has a stimulating effect 
due to theobromine (2-2 -3-5% in cocoa). Cocoa 
is used in preparing patent food products like 
Ovaltinc, Bourn Vita, Malted Cocoa, Milo, etc. 
Eating chocolate has a high calorific value 
(2,538 cal. /lb.). During World War II, chocolate 
was used as special ration for armed forces and 
for feeding children in occupied countries. It is 
also employed as a medium for administering 


calcium and vitamins A, B, C, and D (What 
Industry Owes to Chemical Science, 1945, 41). 

Production and Trade 

The production of cocoa powder and chocolate 
in India in 1946 was about 460 tons (Sathe Biscuit 
and Chocolate Co. Ltd., Poona, 300 tons; Pure 
Products and Madhu Canning Ltd., Bombay, 
75 tons; and others, 85 tons) (Indian Tariff Bd, 
Rep. Cocott Powder and Chocolate Industry, 1946, 
4 ). 

Accurate estimates of the actual production are 
not possible. The production of Sathe Biscuit 
and Chocolate Co. Ltd. in 1947 and 1948 was 2,170 
cwt., and 1,004 cwl. respectively. Their produc- 
tion during Jan. — Oct. 1949 was negligible on 
account of accumulation of stocks (Indian Tariff 
Bd, Rep.. 1949, 7). During the 6 months ending 
31si Dec. 1949, they produced only 84 cwt. of cocoa 
powder and 55 cwt. of cliocolate of all kinds 
(private communication). The consumption of 
chocolate in India also is small, the demand 
being estimated at about 15,000 cwt. (cocoa 
powder, 2,500 cwt.; covering chocolate, 4,000 cwt.; 
and covering chocolate contained in eating 
chocolate, 8,500 cwl.) (Indian Tariii Bd, Rep., loc. 
cit.). 

Covering chocolate produced in India is some- 
what inferior in texture and low in fat content. 
Thc.se defects are due primarily to the shortage 
of supplies of graded cacao beans and lack of 
adequate machinery. 

Imports . — Prior to World War II, the entire de- 
mand for chocolate and cocoa powder was met 
by imports mainly from U.K. In 1942-43 and 
1943-44 imports were mainly from South Africa. 
Table 1 gives the imports into India. 

It is understood that out of the total imports, 
half was cocoa powder and half w^as covering 
chocolate. 

On the recommendation of the Tariff Board, 
the Government of India have recently converted 
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Qty. 

Value 


(cwt.) 

(Kh.) 

lo.js;.*}*) (uv.) 

4,570 

3,30,102 

pmo; to— 1943/44 9 iv.) 

4,448 

2,90,357 

1944-45 

2,080 

2.07,054 

1945-40 

4,002 

4,12,003 

1040-47 

2.807 

2,74,731 

1047 4S 

0,020 

14,03,013 

1048-40 

1 1.024 

10.70,870 

1040-50 

4.8.55 

854,788 
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the 30% ad valorem revenue duty on imports 
of cocoa powder and covering chocolate into 30/f 
ad valorem protective duty. 

The actual cost of production during 1948 was : 
cocoa powder, Rs. 1-15-4/lb.; and covering 
chocolate, Rs. 2-1-7/lb. The Tarill Board esti- 
mated the cost of production for the period 1950- 
51 at: Rs. 1-5-2/Jb. for cocoa powder; and 
Rs. 1-9-0/ lb. for covering chocolate; the corres- 
ponding fair selling prices were estimated at 
Rs. 1-6-5 and Rs. 1-10-3 respectively. Compared to 
the above figures, the landed costs including duty 
at 30Vr ad valorem of imported chocolate arc: 
cocoa powder (Nestles, in I lb. tins), Rs. 1-11-2/ 
lb.; and covering chocolate (Nestles), Rs. 2-4-9/lb. 
(Indian Tariff Bd, Rep., 1949, 11 — 13, 16). The 
cost of production in the factory of Saihe 
Biscuit and Chocolate Co. Ltd. during the 6 
months ending 31st Doc. 1949 was: cocoa powder, 
Rs. 1-12-1/lb.; covering chocolate, Rs. 2-l-l/lb.; 
and milk chocolate, Rs. 2-5-2/lb. (private com- 
munication). 

COFFEK 

The bulk of coffee grown in India is Cojffea 
arabica, the main centres of production being 
Madras, Coorg, MysoK', Tiavancore Cochin, and 
Orissa. The habit of drinking coffee is wide- 
spread in the south, and the coffee industry is 
mainly confined to the south Indian States. 

The coffee berry, as obtained from the plant, 
has to be processed before marketing. Two 
methods are in vogue, the wot and the dry. In 
the former process, picked fresh berries from 
the plantations are passed through a pulper to 
remove the major part of the fleshy tissue, the 
remaining adhering pulp being separated from 
the endocarp by fermentation and washing. 
Coffee in this form has a soft parchment covering 
and is known as Parchment. The beans are then 
subjected to a process of curing. 

The principal curing centres arc: Mangalore, 
4; Tellicherry, 1; Calicut, 2; Coimbatore, 2; 
Kannankurichi, 3; Mettupalayam, 3; Pattiveeran- 
patti, 2; Fraserpet (Coorg), 1; Hunsur, 1; Mysore, 
1; and Chikmagalur, 1; the figures indicating the 
number of units [Z. & S. Bull., 1950, 3(1), 8]. 

The dry method consists in sun-drying the 
berries tiU the outer skin and the parchment 
covering dry up leaving the beans loose inside. 
The dried berries are then pounded or hulled. 
The coffee pounded on the estate is called 
Arabic Kstate Pounded Bulk or Robusta Estate 
Pounded Bulk and this coffee is not sized. The 
cherry coffee which is processed in curing 
works is not only hulled but sized and garbled 
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and is marketed under the trade name of Arabica 
Cherry or Robusta Cherry as the case may be. 
Mangalore and Coimbatore are the principal 
curing centres for cherry coffee. 

Arabica cherry coffee is sometimes polished 
for improving the appearance. This is effected 
in a polishing machine by rubbing the beans 
against each other and removing the outer silvery 
skin whereby the beans attain a uniform bluish 
green colour. Polishing is carried out in Coimba- 
tore, Mangalore, Virudhunagar, Mysore, and other 
centres. The beans may also be coloured, but the 
sale of coloured coffee is prohibited in Madras and 
Mysore. A special type of coffee called Mon- 
sooned Coffee is also prepared for export. 

Cured coffee is graded according to sizes and 
shapes. The different plantation grades are: 
Peaberry (oval shaped beans); O oi* A (first size 
in flats — bold, heavy, and well formed); B (slight- 
ly smaller than O or A); C (slightly smaller 
than B); Triage (pale, foxy, discoloured, black- 
spotted beans including bits); and Blacks and 
Bits. In Mangalore, Tellicherry, Hunsur, and 
Mysore, parchment is graded into Peaberry, A, 
B, and C, while in Calicut and Coimbatore, the 
grading is Peaberry, O, A, B, and C. Cherry 
coffee is graded into Peaberry, A, B, and C. 
Monsooned cheiiy is sized into A A (coirespond- 
ing to O grade of plantation), and Basanclly 
(mixture of A, B, and C grades) (Rep. Marketing 
Coffee, India, Marketing Ser. 21, 1940, 181). 

Parchment and cherry are usually packed in 
single gunny bags; in some estates, parchment 
coffee is packed in double bags, the inner one 
being made of cotton drill. 

Coffee Products.— Cured coffee beans have to 
be roasted and powdered for the preparation of 
coffee beverage. In the chief coffee consuming 
areas — Madras, Coorg, and Mysore- raw coffee 
is purchased from the market, and roasted and 
ground in the homes of consumers. In recent 
years, the consumption of manufactured ground 
coffee, both in homes arid in restaurants, has 
greatly increased and a number of factories manu- 
facturing ground coffee have come into existence 
in cities, towns, and even villages, particularly 
i.i Madras State. These small-sized units are 
equipped with roasters and grinders of simple 
design. The production of ground coffee on 
a manufacturing scale has been undertaken 
by a few establishments in Bombay, Coimbatore, 
Salem, Bangalore, Madras, and Chikmagalur, the 
major producers being Poison Ltd., Bombay, 
United Coffee Supply Co., Ltd., Coimbatore, and 
Brooke Bond (India) Ltd., Coimbatore. 


159 



COFFEE 

The manufacture of coffee powder involves 
the following operations: (1) roasting, (2) grind- 
ing, (3) blending, and (4) packing. 

Roasting is necessary to render the bean 
friable and to impart to the product the charac- 
teristic aroma and flavour. During this process, 
water is driven off, a large part of the sugar is 
caramelised and the cattetannic acid content is 
reduced by about half. A slight loss of caffeine 
usually takes place. The flavour which is con- 
sidered to be due largely to 2-thiolfuran and its 
methyl and ethyl esters, together with some other 
sulphur compounds, depends largely on the man- 
ner and extent of roasting {Rep. Progr. appL 
Chem., 1947, 32, 386). Roasting also brings 
about an increase in the nicotinic acid content 
from 16—55 mg./g. to 95- 263 mg./g. Over- 
roasting renders coffee bitter and acrid, while 
under-roasting affects the extraction of caffeine in 
the liquor. The liquoring quality of coffee is 
greatly influenced by roasting. 

Roasting is controlled according to the nature 
of the bean, and the taste of the consumer. A 
light roast is preferred in U. K.; in Scandinavia 
and South India, a dark roast is desired. A slow 
roast is favoured by some and quick roast by 
others. 

In north India, coffee beans are roasted in iron 
pans over open fires. Sometimes, sand is added 
to quicken roasting and to remove the silver 
skin adhering to the bean. The time taken for 
roasting 3*5—4 lb. of beans is 8 —12 min. Shallow 
iron pans are used in Cochin. The beans arc 
kept continuously stirred, and when the beans 
begin to split, they arc taken out and spread 
on the floor for cooling. 

Electric roasters with 2-10 lb. capacity are 
now available in the market. The heating coils 
are wound round a carrier in the centre of a 
horizontal drum which is rotated by a motor. A 
spoon is provided at the side to withdraw test 
samples. When the beans are roasted to the 
standard colour, the current is switched off, and 
the beans dropped into a closed container and 
cooled by a fan. 

Tho roaster employed by manufacturers in 
south India is a perforated cylindrical drum 
mounted horizontally on a stand and rotated by 
hand over an open fire. 25- -60 lb. of beans arc 
charged into the drum and the roasting is com- 
pleted in 15-30 min. The roasted beans are 
spread on iron plates or wooden planks for cool- 
ing and vigorously fanned. Sometimes sand is 
mixed with the beans during roasting for secu- 
ring an even roast. 

The bigger factories employ gas or coke as fuel 
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for roasting. The beans arc placed in iron 
drums of 50 - 1,000 lb. capacity, provided with 
a number of holes for tho escape of water vapour 
and gases. Open iron bins which arc set in 
motion at a prescribed speed are also employed. 
Each roast takes 20- 40 min. The roasting is 
stopped when the beans attain the colour of a 
standard roasted .sample. Some roasting 
machines are equipped with automatic gears for 
roasting coffee to definite weight (from 112 lb. to 
92, 94 or 96 lb.). Due to variations in the moisture 
content of the charge, roasting periods vary. The 
roasted product is spread out for cooling cither 
on iron or wooden platforms and fanned for 
10- 15 min. The cooling mu.st be quick in order 
to preserve the flavour and aroma and the keep- 
ing quality of the roasted beans is improved by 
rapid cooling. Surface cooling closes tho pores 
and seals the berry. Different grades and types 
arc mixed according to specified proportions and 
packed in tins preferably under inert gas. 

Automatic coffee roasting machines have been 
developed in U.S.A., in which roasting is effected 
by infra-red heating. 

The loss in weight during roasting depends on 
the quality of the beans and on the degree of 
roasting. Other conditions being the same, coffee 
loses 12 *25yr of its weight when roasted to a 
yellowish brown colour, and 23-25% of its 
weight when roasted to dark brown. The loss 
in Assam coffee, which contains a large percent- 
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Fig:. 52, — Grindinif, blendini^ & vacuum-packing: of coffee 

ago of moisture, may be as high as 50% (Rep. engine at a regulated speed. Roasted beans are 
Marketing Coffee, 242). ground to three sizes, viz., line, mc'dium, and 

Roasted beans are sold in the market as such, coarse. Coarse ground powdei* retains aroma 
the quantity figuring in the annual trade being and flavour better and longer than fine ground 
about 600 cwt. (Rep. Marketing Coffee, 184). powder. Coarse ground powder is more suitable 
Grade designations for roasted coffee are: Extra for preparing coffee decoction by percolation. On 
Large Flats (from O grade beans). Large Flats the other hand fine ground coffee gives a decoc- 
(from A), Small Flats (from B and C), and Pea- tion with high body. A mixture of both grades, 
berry. All the beans should be roasted to the same in the proportion 90 of line to 10 of coarse, is 
degree of colour and the designatio.i ‘light roast' said to give a liquor with excellent cup-quality, 
or dark roast applied along with grade designa- Blending. — A proper assessment of the cup 

tion. The roasted beans shall be packed in fresh characteristics of coffee produced in different 
condition after roasting (Rep. Marketing Coffee, areas is a necessary prerequisite for blending. 
336). Some coffees give liquors which are thick, rich, 

Grinding. — The bulk of roasted beans is and pungent, while others give thin licpiors lack- 
ground to powder and sold as ground coffee, ing in aroma. Strength, flavour, aroma, and 
Dealers in freshly ground coffee use grinding acidity are the chief criteria in judging the 
machines, operated by hand or by electricity, quality of coffee, and judicious blending of 
Electric grinders are common in towns and different grades brings out these qualities to the 
are popular as they facilitate quick service, best advantage? (Rep. Marketing Coffee, 243). 
Bigger factories use grinders with an output of Two types of cofTi'c' powder are marketed, viz. 
50—1,000 lb. per hr. and worked by oil or steam pure coffee prepared from coffee beans only and 
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French collee containing chicory. One or more 
grades of coffee may be blended to give the 
desired qualities of pure coffee. The proportions 
of grades and types used in blends by manufac- 
turers of proprietary brands are kept secret. 
Some manufacturers use cherry triage and 
blacks and bits or robusta ia all blends. The 
different grades of bean may be roasted sepa- 
rately, mixed, and ground, or they may be roasted 
and ground separately and mixed in drums. 
Analysis of pure coffee gives the following results: 
moisture, X>6; ash, 3*5—5 (colour, white); 
caffeine, 1 — 1*3; extract, 21—26 (24 av.); fats, 
petroleum spirit extract, 10 — 12 and by macera- 
tion by method, 13^, r. 

Table 1 gives the grade specifications for pure 
arabica coffee powder. 

French coffee is a blend of coffee with chicory. 
Different States have framed legislation for per- 
missible chicory admixture under the Food 
Adulteration Act; usually, the proportion of 
chicory should not exceed 50 . The percentage 
should be marked on the label on the containers, 
and when the percentage exceeds 50, the label 
should be marked “Chicory blended with coffee” 
and the proportion should be indicated. 

Chicory is imported in powder form in steel 
bafrels of one cwt. or more. About 10,000 cwt. 
are imported annually into Bombay and Madras, 
chiefly from Denmark, U.K., and Germany (Rep. 
Marketing Coffee, 244). 

Packing . — The characteristic flavour of freshly 
prepared coffee is due to fat-soluble principles, 
and proper packing to prevent oxidation changes 
and consequent staling is of vital importance. 
Packing in an inert atmosphere of carbon dioxide 
is considered to be most suitable, and is adopted 
by the principal manufacturers of ground coffee. 


Vacuum-packing is adopted by smaller concerns. 

Manufacturers of proprietary brands of coffee 
use containers of 2-oz., ^-Ib., J-lb., 1-lb., 5-lb., and 
15-lb. capacity. Roasters who undertake des- 
patches of powder to other firms use kerosene tins 
for packing. 

Cherry husk is sometimes used as an adulterant 
of coffee. About 10,000 cwt. of cherry husk were 
reported to be so usied annually before 1939. 
Bengal gram, Cassia tora, oil seeds, burnt sugar, 
tamarind seed, and saw dust are among other 
adulterants used. Mysore and Coorg have pro- 
hibited the use of cherry husk for adulteration 
(Rep. Marketing CojflFee, 246). 

Many of the adulterants can be easily detected 
by microscopic examination. Other test’s employ- 
ed arc: determination of aqueous extract, 
sugar (high for the usual adulterants), fat, 
and caffeine (low for adulterated products). The 
ash of coffee is practically free from silica, while 
that of the common adulterants contain silica. 

Pure coffee extract (1 in 10 parts of water, 
raised to b.p. for 0*5 min., filtered, and cooled) 
has a lower density than the extracts of 
adulterants including chicory. Tho relative 
colouring powers of roasted coffee and chicory 
form the basis of a simple test for the detection 
of chicory in coffee powders. When a few grains 
of the chicory-containing sample are placed in 
water, a brownish cloud is observed, which 
diffuses through the water; pure coffee does not 
give any colouration. Chicory readily sinks in 
water. The percentage of water-soluble matter 
in chicory is 21-35%, while that in coffee is 
75-85% (Thorpe, III, 255). 

Other Coffee Products 

Coffee is also marketed in the form of tablets, 
flake coffee, and prepared coffee. Coffee tablets 
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arc produced in India on a small scale. Flake 
and prepared cofTce arc not manufactured. For 
the preparation of tablets, ground colTee is mixed 
with chicory powder and the mixture pressed in 
a tableting machine after the addition of a bind- 
ing material such as glucose, to the extent of 
15%. Tablet colTee is available in many sizes and 
shapes. 

Flake colTee (0*06 in. diam. and 0-003 in. thick) 
is prepared by passing giou.id coffee through 
rollers under pressure. The flakes are more 
readily extracted by water than other forms 
(Jacobs, 1, 856). 

Processed coff(H^ is marketed as Decaffeinated 
or Decaffeinised Coffee in which caffeine is re- 
moved to some degree by solvent extraction. 
The beans arc then roasted and powdered. Dry 
colTee extract or Soluble Coffee is prepared by 
extracting the soluble portion from ground coffee 
by percolation with hot water, evaporating the 
extract to a syrup, and drying in a vacuum drier. 
Soluble coffee is said to be popular in U.K. and 
U.S.A. Coffee extracts and essences are prepared 
by pouring boiling water on coarsely ground 
roasted coflee in large flat cylindrical containers 
fitted with filter cloth and concentrating the 
extract in vacuum at 170 to the consistency of 
a syrup. Sugar is added and the mixture diluted 
With water. The essence is packed in bottles. 

Production and Trade , — A rough estimate of 
the total production of colTee products can be 
made from the releases of the Central Coffee 
Pool. Table 2 gives the estimated amount of 
cured coffee available for home consumption and 
the output of coffee powder in India [1. & S. Bull., 
1.950, 3 (1), 17]. 

The popular brands of coffee are Poisons 
(Royal Blend Pure, Sunlight Pure, Hotel Blend, 
and French), Stanes (Red Label Pure, French, 
White Ensign, and Red Ensign), and Brook Bond's 
(French and Dilkhush). 
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Table 3 gives the prices of Poisons coffee and 
two brands of foreign coffee powder popular in 
India in February 1950. 

Imports . — Separate data on imports of roasted 
and ground coffee are not available. A revenue 
duty of 36' f ad valorem is levied on imports of 
coffee, canned or bottled, from foreign countries, 
with a preferential rate of 24' f ad valorem if 
obtained from U.K. 

COIR INDUSTRY 

Coir is an industrial fibre extracted from coco- 
nut husks and used for matting, rugs, carpets, 
and other types of floor covering, cordage, and 
twines. Long and coarse fibres are used for 
brushes and brooms, and short and curly ones for 
stuffing upholstery. Coir offers immense possi- 
bilities for profitable utilization on account of its 
resistance to white ants. Treated fibre is not 
disintegrated by bacteria or hardened by water. 
Il can be impregnated with bituminous and 
resinuous compositions and used as protective 
Jagging for underground pipes and cables. 
During World War II, coir was used for making 
roads with good wearing surfaces. 

India is the largest producer of coir and coir 
manufactures, and excepting Ceylon, nowhere 
else are appreciable quantities produced. The 
industry is located mainly in Travancore, Cochin, 
and along the Malabar coast. Among the factors 
contributing to the development of the industry 
in this area arc the existence of extensive 
coconut plantations and vast stretches of back- 
waters which are particularly well suited for 
retting. Coir is manufactured in smaller quan- 
tities in My.sore, Orissa, Bengal, and in the 
Ratnagiri and Kanara districts of Bombay. 

The coir industry in Travancore provides 
employment to 30,000 families comprising 2,00,000 
workers engaged in the extraction of fibre and 
spinning of yarn. In addition, 30,000 workers are 
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engaged in the mats and matting industry of 
whom about 10,000 arc concentrated in Alleppey. 
About 40,000 workers are employed in Cochin 
(Mukhtar, Rep. Labour Conditions in Coir and 
Mats and Matting Industry, 1945, 1). In Ceylon, 
the coir spinning and weaving industry employs 
over 50,000 workers (Ceylon Tr. J., 1948, 13, 342). 

Coir Fibre 

The preparation of coir fibre consists in husk- 
ing the coconut, retting the husk, and beating 
the retted husk to separate the fibre from 
adhering impurities. The husking is carried out 
soon after plucking the coconuts. 

Green husks are retied in pits, the bottoms of 
which are covered with sand and the sides, lined 
with coconut leaves, adjoining backwaters. The 
pits arc covered with coconut leaves and mud. 
Sometimes, as in Anjengo, the husks arc placed in 
coir nets and kept floating on water for a few 
days and then sunk by weighting with clay 
and coconut leaves. Husks may also be retted in 
pits connected to backwaters by canals. The 
tidal action of the backwaters helps to remove 
the decomposed binding materials, this periodical 
change of water being an important condition 
favouring retting. 

In localities having no backwaters near by, 
retting is effected by either burying the husks, 
in sandy soils or by immersing them in 
pools of water. The husks so treated for short 
periods yield low grade, coarse, brown fibre with 
a large admixture of impurities (Rep. Panel Coir, 
Rope, Cordage and other fibre hidiistries, 1946, 6). 

Retting takes 6—10 months. If properly carried 
out, a clean fibre of light golden colour, free from 
dirt is obtained. The best coir is produced in 
Anjengo and Paravur. 

Green husks are generally used for retting. 
Coir is sometimes made from dry husks by 
immersion in water for about 12 hours and beat- 
ing out the fibre. Green husks are sometimes 
directly treated for obtaining fibre without 
rettin'^ The fibre obtained in this way is inferior 
and is known in the trade as Unsoaked Coir. 

A .r >mber of patented processes, e.g., Nanji 
process, Elod and Thomas process, Rowell process, 
Van der Jagt process, Hayer-Gratze process, and 
Heparol process have been developed for retting. 
None of these has been adopted in this country 
and no information is available on the relative 
merits of the processes under Indian conditions. 

. Retted husks are removed from pits, washed, 
and beaten with short wooden mallets or club,« 
to extract the fibre. The coarse and fine fibres 
are separated by hand. The process is laborious. 
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An adult woman worker can handle about 45 
husks in a day. 

The fibres are cleaned, dried in shade, and 
beaten (willowed) with poles to remove adhering 
pith. The fibres are then combed in a specially 
designed comber consisting of a number of flat- 
teethed iron blades mounted spirally on a wooden 
shaft revolving inside a drum. This operation 
cleans, straightens, smoothens, and softens the 
fibres and lays them parallel to one another. 
A yield of 1 candy (672 lb.) of fibre is obtained 
from 3,500—4,000 nuts (Rep. Panel, 7). 

Coir fibres thus prepared are graded into 3 
classes, viz., mat fibre, curled fibre, and bristle 
fibre. The bulk of the fibre produced in India 
is mat fibre which is suitable for spinning into 
yarn and manufacturing mats, ropes, and twine.s. 
Curled fibre is obtained mostly from unretted 
husk and the yield is low. It is mostly used in 
upholstery. Bristle fibre which is coarse and 
thick is not prepared in India, the country's 
requirements being met by imports from Ceylon. 
Clean mat fibre is pressed into bales of 200- 224 
lb. for export. 

CoiR Yarn 

Spinning of coir yarn is a cottage industry in 
Travancore, Cochin, and Malabar. The yarn is 
.spun either by hand or by wheels. Hand-spinning 
is common throughout Malabar, while spinning 
by wheel is common in many places in 
Travancore. All the yarns are two-ply. 

In hand-spinning, the fibre is rotated between 
the palms with a clockwi.se twist and when of 
sufliciont length, the threads are taken in twos 
and twisted together in the opposite direction. 
The spun yarn is held in position by the toes 
while other slivers arc prepared and added. 4 — 
5 lb. of yarn can be made by one worker in a 
day of 8 hours. Combed fibre is not used for 
hand-spinning. 

Wheel-spinning is controlled by petty capitalists. 
Two wheels are used; one containing two spindles 
is fixed to the ground, and the other with one 
spindle is movable. A group of three workers is 
required for spinning, one to turn the stationary 
wheel and two to make the strands which go to 
make the yarn. Each worker starting from the 
fixed wheel spins the fibre to the requisite 
thickne.ss, the .stationary wheel being rotated to 
give the necessary twist. When the strand is 
50—60 ft. long, the fixed wheel is .stopped and the 
two free ends of the strands arc hooked to the 
single spindle of the movable wheel which is then 
gently rotated to give the two-strand yarn a twist 
in the opposite direction. As the yarn is being 
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made, this wheel is moved towards the fixed 
wheel. A triangular block of wood grooved on 
the sides is held between the strands to regulate 
the counter twist, prevent knots and kinks, and 
bind the strands close (Sharma, Coir Industry in 
Travancore, Bull. Dep. Industr. Travancore, No. 
31, 1932, 9). About 100 strands each of 50 ft. and 
weighing approximately 25 lb. can be produced 
by a group of three workers in one day. 

Hand-spun yarn is soft, and the twist and 
thickness are even, while wheel-spun yarn has a 
hard twist and lacks evenness. 

The quality of yarn is judged by the thickness, 
colour, appearance, twist, and strength. The 
different varieties are known by the place of 
manufacture. The well known varieties produced 
in Travancore, Cochin, and Malabar, and known 
to the trade are 

f Ayijengo superior, Anjengo ordi- 

Travancore Mangadan Ashtamudi 

Alapat, Aratory, Vycome, and 
Beach. 

r Fine weaving yarn (soft twist). 
Cochin ^ Rope yarn (soft twist), Vycome, 

Parur, and M. K. yarns. 


p Beypore, Quilandy, Calicut (fine 
Malabar ^ unsoaked) and Div yarn (from 
Laccadives and Maldives). 

Excepting Alapat, Vycome, Beach, Beypore, and 
Quilandy yarns, all others are haid-twnsted. The 
varieties common in Calicut and Ponnani markets 
are Kadahindiy Ponnani, Chowghat, Ariyalur, 
Kallai, and Parapangadi grades ; these are all 
hand-spun weaving yarns. In Ceylon, coir yarn 
is sold in two grades, Kogalla and Colombo, with 
.sub-divisions according to texture and thickness. 
Superior grades arc further classified according 
to fineness and evenness of twist, and sub-divided 
according to colour into 2 or 3 grades. Cheaper 
types arc sub-divided into grades denoted by 
numbers according to their colour, evenne.ss of 
twist, and amount of pith (Rep. Marketing Coco- 
mit and Coconut Products, Marketing Ser. No. 46, 
1944, 140). 

The most important types of wheel-spun yarns 
are Anjengo, Aratory, and Ashtamudi, wdiile 
AlapaU Vycome, and Beach are the best known 
among hand-spun yarns. 

Beach yarn, produced from imperfectly retted 
husks, is of low grade, contains a large quantity 
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of pith, and is reddish brown in colour. Its 
tensile strength is also low. Cochin yarn is some- 
what coarser and is mostly exported; a few 
superior types are now being produced. About 
40—50% of the yarn produced in Cochin is rope 
yarn. A small quantity of Vycome yarn is uti- 
lized in making mats and mattings. Malabar 
yarn is mostly hand-twisted; weel-spun yarn is 
now being produced in increasing quantities. 

The sorted yarn is sold to wholesale dealers in 
cylindrical bundles of one local maund or 
multiples thereof. These reach the main assembl- 
ing and distributing centres, c.g., Alleppey and 
Cochin, which are the principal production 
centres of mats and carpets. Some of the export- 
ing firms and manufacturers have their own 
agencies to collect yarns from producing areas 
and to grade and reel them into hanks. The 
yarn for export is regraded a;id reeled into hanks 
of 450 yds., each weighing 24 lb., and hydraulically 
pressed into bales of 3 cwt. Inferior grades are 
made into dhoUs of 5 or 7 lb. for transport in 
cargo boats as broken stowage. For inland 
markets the yarn is made into bundles. 

Coir yarn of superior quality is used in the 
manufacture of mats and mattings, rugs, and 
carpets. Inferior varieties are used for ropes. 
Coir bags made of Travancore yarn are used in 
tea gardens for transporting tea leaves, and for 
lifting coal from mines in Bengal, Assam, and 
Central India (Patel, 239). Coir beltings were 
used as substitutes for leather belling which be- 
came scarce during World War I. Coir screenings 
were used for camouflage puiposes. 

Mats and Matting 

The mats and matting industry is well estab- 
lished in Travancore. The industry which was 
confined to Alleppey until 1914, has since extend- 
ed to most of the villages of the Malabar coastal 
area. In 1938 there were 249 factories in the 
villages and 41 in Alleppey town. The total 
number of matting looms and mat looms were 
4,335 and 7,350 respectively, Alleppey ’s share 
being 2,374 and 2,180. In December 1944, the 
total number of factories, large and small, in- 
creased to 360 including 46 in Alleppey town. 
The smaller factories, with low labour and capital 
costs, are in a position to compete with factory 
products (Rep. Board of Conciliation of Trade 
Disputes in the Mats and Matting Industry, Tri- 
vandrum, 1939, 83; Mukhtar, op. cit., 2; Rep. 
Panel, 3). There are three small factories in 
Cochin. Mats and mattings aie also manufactur- 
ed to a small extent in Malabar district and in 
Bengal. 
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Fig. 54. — Weaving of coir matting 

Mats arc woven on woode.i handloorns. Power- 
looms arc scarcely used as due to the coai’scmess 
of the fibre, shuttles take but short lengths of 
yarn and need frequent rc*placernent. Wheel- 
spun yarn is mostly used for warp and hand-spun 
yarn for weft. 

Processed yarn obtained by treatment with 
dilute sulphuric acid, washing, and drying in 
shade is used for better varieties of mats. The 
quality of matting is judg('d by the number of 
warps for a standard width of 36 in. 

The yarn is first wound on bobbins and trans- 
ferred to a creel. The warping is done between 
sticks or by means of a peg board, the yarn from 
the bobbins being passed on to the warping drum 
and the requisite width prepared by warping the 
sections on a weaver’s beam which is then fixed 
to the loom. 

There are many types of matting, the more 
common ones being two-shaft and four-shaft 
mattings. In the former, the warp yarns are held 
in two frames which alternately go up and down, 
and a weft is passed between the shed every 
time they move. The matting will be plain or 
striped according as the warp is of one colour or 
of different colours. Four frames arc used for 
four-shaft matting in which simple repeat designs 
such as ‘diamonds' are produced. Jacquaid 



Fig. 55. — Stitching coir rugs 


cards and Dobby machines required for compli- 
cated designs are rarely used. Coloured designs 
on mattings are obtained by the use of coloured 
yarns. 

Mattings, rugs, and carpels made in a large 
variety of patterns and designs provide attractive 
and damp-proof floor coverings. The standard 
trade size for matting is 30 in. x50 yds. Matting 
is also available in widths of 9 in. or multiples 
up to 72 in. Both plain and fancy mattings are 
available in 50 yds. rolls, which are wrapped in 
hessian cloth for despatch to markets. 

Jute floor coverings are now competing with 
coir products. The latter are superior by virtue 
of their hard-wearing and damp-proof qualities. 

Brush door-mats — plain, ‘inlaid’ or ‘fancy’ — 
are generally made from inferior yarn, usually 
Beach. The superior Vycome yarn and imported 
hard fibre from Ceylon are also used. They are 
woven on a simple loom on which the warp is 
tightly drawn and the rows of tufts for the pile 
are inserted simultaneously with weft weaving. 
To quicken the process of inserting tufts, a device 
consisting of a slotted iron rod, sufficiently long to 
cover the width of the warp, is employed. The 
tuft strand is wound round the rod which simul- 
taneously passes underneath alternate warps. A 
thin knife edge is inserted into the slot which is 
held upwards and drawn along the whole length 
of the rod cutting the strand whereby a complete 
row of tufts is formed. The weft is then knocked 
in, which along with the warp forms a firm base 
for tufts. Any desired pitch of mat can be made 
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ranging between 600 and 1,200 tufts per sq. ft. 
depending upon the fineness of the warp thread 
and of the tuft yarn, number of warp threads per 
foot of the loom roller, and lh(» closene.ss of the 
knocking in. The mats are then cut to the 
required lengths and braided. They are next 
dried, sheared, and finally trimmed and sometimes 
bleached. The colour designs are then stencilled. 

The design for inlaid mats is traced on ruled 
papers in which each tuft knot is represented 
by a square. Wherever the design cuts a row of 
tufts the winding of the tuft yarn is stopped and 
yarn of the required colour inserted. The woik 
is slow and demands considerable skill on the 
part of the operatoi s. 

For finer qualities of plain and fancy door mats, 
unspun coir is used for piles. Two warp beams, 
one above the other, are used. The warp on the 
lower beam is drawn taut on the loom and is 
manipulated by two heald frames taking alternate 
threads. The upper beam has two weighted coil- 
ed ropes. Small sheaths of fibre arc knotted 
around the strings of the lower layer of the taut 
warp, a weft is knocked in, and the positions of 
the heald frames changed. Then the lower layer 
of the taut warp and the loose warp of the upper 
beam are woven together with the WTft forming 
a backing foi* the mat. Designs are woven by 
using fibre sheaths of various colours. After 
weaving the mats are stitclu'd and braided, 
sheared by machine, and finally trimmed with 



107 


Fig. 5G. — Clippiiifi^ of fibre mats 
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scissors to give a good relief to the pattern. 
Fibre mats are made in attractive designs. Mats 
of poor colour are bleached before packing. 
These products are more expensive than ordinary 
brush door-mats. 

Creel-mats are warp-piled fabrics. Loose and 
tight warps are employed as in the case of fibre 
mats. The loose warp is carried over a slotted 
rod to form loops while the texture is w'oven with 
the taut warp and weft. The loops are cut into 
tufts by a knife inserted in the slot of the iron 
rod and facing upwards. 

Othkr Coir Products 

Shock-proof packing material for ammunition 
boxes has been made fiom coir and linseed oil. 
A process for producing such material has been 
developed in the Laboratories of the Council of 
Scientific and Industrial Research. Hard boards 
resembling Masonite have been prepared from 
coir. The boards are suitable for table tops, 
doors panels, and battery containci's. Attempts 
were also made to make moulding powder con- 
taining coir dust (J. sci. imlustr. Res., 194.‘l-44, 2. 
174). 

Large quantities of coir dust are available from 
the coir industry and its proper utilization has 
been the subject of inv(?stigation in India, Ceylon, 
and Puerto Rico. About IJ candies of pith, short 
fibre, and outer skin are obtained as by-products 
for every candy of coir yarn manufactured. A 
part of the dust is now used as fuel. Coir dust 
or cocopeat can be utilized as packing, stulTing, 
and heat-insulating material. It has been used 
for improving soil drainage and as a mulching, 
rooting, soil conditioning, and set'd germinating 
medium (Hume, Ecov. Sot., 1,94.9, 3, 42). 

Production and Trade 

The estimated production of manufactured and 
unmanufactured coir during pre-War years was: 
Madras, 25,033 tons; Travancore, 80,000 tons; 
Cochin, 17,000 tons; Bengal. 225 tons. These 
figures are approximate, and arc based on ex- 
ports. During World War II, the production de- 
clined owing to the closing down of normal 
markets, shortage of labour, and uneconomic 
returns. The Panel on Fibre Industries recom- 
mended a post- War target of 2,29,125 tons of 
manufactured and unmanufactured coir made up 
as follows: Travancore, 1,00,000 tons; Madras, 
1,00,000 tons; Cochin, 19,000 tons; Bombay, 7,500 
tons; Mysore, 2,400 tons; and Bengal, 225 tons 
(Rep. Panel, 8, 10). 

Owing to the stoppage of supplies of Manila 
and sisal during the War years, coir fibre and 
yarn found many new applications. 


TABLE 1.— A\'KRAGE PRICKS OF COIR PRODUCTS* 
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0 

0 


0 
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6 
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0 
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0 

9 

0 
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9 
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Prices . — The average market prices of different 
qualities of coir products in November 1949 are 
given in Table 1. 

As compared to the prices for coir products in 
the earlier part of the year, the prices recorded 
in Table 1 are high; in some cases the prices in- 
creased by 100%. There has been a steady rise 
in the prices, the main reasons for which are 
the short supply of retted husk and the increased 
demand in U.K., Germany, and Holland. 

Exports . — Coir products for export are shipped 
mainly through Alleppey and Cochin ports. 
Tabl(!s 2 and 3 give the volume and value of 
goods exported from Travancore (mainly 
Alleppey port) and the rest of India (mainly 
Cochin port). 

The export of coir yarn has been fairly steady. 
During the period 1928-29 to 1937-38, the annual 
export averaged 1 million cwt. On account of the 
high duty on coir manufactures, most of the 
European countries import yarn, the major part 
(80(J ) of which is used for the production of 
mattings. 
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TABLK 2.— EXPORTS OK COTR GOODS FROM TRAVAXCORE* 

(1,0(10 ( wt. and kkli Rh.) 


Kil)ni 
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MhIs & lVTaMinfy>i 
- ^ * 

Olh'T Sorts 
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^ty. ^1. 

Qty. V^. 

Qty. Viil. 

Qty. Vnl. 
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1035 / 30 — 1038 / 31 ) 

(av.) 

2 ■ 2 

0-10 

205 0 

21 *,32 

2 . 35*8 

51*08 

100*7 

20*81 

552*7 

00*07 

1030/40 1941/12 

(av.) 

(>■2 

0-.32 

128*0 

12*08 

00*5 

10-00 

72*5 

10*74 

. 304*0 

52 * 7.3 

1940-47 


— 

— 

14*0 

0*50 

3*5 

3*57 

4*1 

4*52 

21*0 

14*05 

1047-48 


— 


137*3 

72 * 2.3 

31*2 

23*22 

: i 7 *o 

44*23 

200*4 

1 , 30*08 

1048-40 


— 



150*1 

74 * 8.3 

03*5 

01*38 

02*2 

72*00 

311*8 

208*;io 


*Trndr Statintirs relaUtig to the. Maritime States in Kathiawar and the Slate oj Tramneorr. 


TAnUi 3. EXPORTS OK COTR OoODS FROM TIIH REST OK IXOTA 
(1,000 < wt. and lakh R».) 
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Q<y. 
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58*52 
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- 104 . 3/44 

(av.) 

10*0 

0*75 

427*3 

45*88 
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. 3 . 3*87 

41*8 

12*78 

002 0 

0 . 3-28 
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0*8 

1*20 

.300 0 

80*78 
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102*77 

1*1 

0 * 80 
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104*07 
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7*5 

1*52 

452*4 

120*85 

270*1 

16 . 3*27 

20*5 

12*11 

702-5 

207*75 

1040-47 



12*4 

3*. 34 

, 580*0 

223*85 

4 , 36*7 

323*05 

. 31*0 

. 30*40 

1 , 073*0 

. 58 ] *00 

1047-48 



7*0 

2 *,30 

750*0 

322*55 

104*0 

172*75 

20*0 

. 30 -.30 

077-0 

527 00 

1 948-40 



0‘0 

2 • 0,3 

005 1 

208*31 

150.8 

134*21 

14*4 

14*14 

87 .S • 0 

440*50 

1940-50 



8*8 

2*59 

1 , 080*2 

324*00 

360*0 

257*02 

02*7 

83*30 

1 , 550*7 

007*57 


The shares of various countries in the purchase shares in the exports of coir mattings during the 
of coir yarn from Travancore during 1938-39 same period were: U.K., 66-4; Australia, 8*3; 
were: Germany, 23 0; U.K., 22-7; Netherlands, U.S.A., 7 2; Canada, 3 4; and South Africa, 2-4^f'. 
11-9; Burma, 915; Italy, 9 0; Belgium, 4*9; Austria, During 1.94.9-50, the shares in the exports of coir 
4-3; and U.S.A., 3'3Vc. The figures for coir mats yarn were: U.K., lG-3; Netherlands, 161; Burma, 
and mattings were: U.K., 73*1; Austria. 6-1; 14*7; and U.S.A., 4-9%; the shares in exports 

U.S.A., 4-4; and New Zealand, 4-3%. There wane of mats and mattings for the same period being: 
no exports of coir goods from Travancore during U.K., 63-9; U.S.A., 13-9; Australia, 11*5; and 
the years 1943-44 to 1945-46. The exports have New Zealand, 1-4%. 

since been resumed. During 1947-48, U.K. im- Only about 60%' of the coconut husks available 
ported 56-2% of yarn and 48*7% of the matting in Travancore and Cochin are at present utilized, 
exported from Travancore. Netherlands imported The husks from the hinterland are not used 
25-5% of the total yarn and, U.S.A. and Austria owing to the lack of retting and transport facili- 
imported 19*2% and 17-8% respectively of the ties. Improvement in transport would facilitate 
matting exported from Travancore. The shares the movement of husks to the backwater areas, 
of U.K. during 1948-49 were: yarn, 50-6%; mats Only 3—4% of the husks available in Bombay, 
and mattings, 53-4%. and 0 06%'* of those available in Bengal are at 

As regards exports from the rest of India, the present utilized for coir manufacture (Rep. Panel, 
principal customers for coir yarn during the year 20). 

1938-39 were: Germany, 24-6; U.K., 14’2; Nether- An important requirement of the coir industry 
lands, 12*4; Burma, 8-8; Belgium, 7*4; France, 6*3; is grading. In the absence of grading and stand- 
Italy, 4*8; U.S.A., 4*5; and Portugal, 3*5%. The ardization coir is not likely to find a place among 
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the industrial fibres quoted in foreign markets. 
The Travancore Government have sponsored a 
Ware House Bill with a view to grading the pro- 
duct. There is also need for introducing a com- 
mon standard of weights throughout the coir- 
producing areas. At present fibre and yarn are 
measured in candies and maunds which differ 
from place to place. 

COMBS 

Combs are among the many articles of daily 
use, and on account of wear and tear necessitating 
frequent replacement, they are produced in large 
numbers. Combs are made in several shapes and 
sizes to suit varied requirements and tastes. 
They may be classified under these groups: 
dressing combs, rat-tail combs, utility combs, fine 
combs, pocket combs, and bobby combs. The raw 
materials for their manufacture include wood, 
horn and bone, celluloid, and plastics. Metal, 
ivory, and sandalwood combs are not uncommon 
in India. 

Wooden Combs 

Wooden combs, such as those used by Sikhs and 
Burmese ladies in their hair, form an important 
industry in India. Combs of high quality are 
made of box wood (Buxns sempervirens), haldu 
{Aldina cordifolia), and sandalwood (Santalum 
album), while cheaper combs are made of Bel 
{Aegle marmelos), Carissa spp., Crataeva rcli- 
giosa, rosewood (Dalbergia spp.), ebony (Diospyros 
spp.). Gardenia spp., Gomari (Gmelina arborea)^ 
Holarrhena antidysenterica, Kanju (Holoptelea 
integrijolia), Olea ferruginea, Kaira (Mitragyna 
parvifolia), and Wrightia spp. Other woods used 
locally for combs arc horse chestnut (Aesciilus 
indica), Shaitan wood (Alstonia scholaris)^ Salai 
(Boswellia serrata), toon (Cedrela toona), 
Celtis australis, Givotia rottleriformis, Melia 
indica, Pistacia integerrima, Padauk {Pterocarpus 
spp.), and Tecoma undulata (Trotter, 1940, 175). 

The manufacture of wooden combs is essen- 
tially a cottage industry. The instruments re- 
quired are a saw, a lathe, and a cold chisel. The 
wood is first soaked in water and cut into the 
required shape. The teeth are cut manually by 
a fine saw, and the comb finally cleaned and 
polished. Haldu combs are sometimes coloured 
black. Ebony combs are generally carved and 
given a coating of oil. A cubic foot of wood gives 
600—700 combs and one person, in a day, can 
cut into shape about 250 combs, or cut teeth on 
about 250 combs, oi clean and polish about 500 
combs. Statistics relating to production and 
trade are not available. 

Wooden combs are manufactured in or near 


centres of pilgrimage, such as Tirupati and 
Rameswaram, in Madras. Nallabalum, Mekkani, 
Nekki and Nallabalasa (Canthium spp.) woods 
are commonly used. 

In U.P. wooden combs are made in Agra, 
Allahabad, Bijnor, Pilibhit, and Saharanpur 
districts. The wood used is mainly haldu and 
ebony, and to a smaller extent, Papri, Kaima, and 
Khinni or Dudhi, and Farrash. The finished 
products are sent to Delhi, Rajputana, Calcutta, 
Bombay, Madras, and to various places in U.P. 

The manufacture of combs was, until recently, 
a flourishing industry in Amritsar. The industry 
is reported to be dying out. 

Amalner in East Khandesh district of Bombay 
is a reputed manufacturing centre of wooden 
combs. Black sisal obtained from West Khandesh 
is the wood employed. 

Horn Comb.s 

The raw material employed is buffalo horn, 
which is abundantly available in Madras, Orissa, 
and Hyderabad. The material obtained from 
Madras is considered to be of good quality, 
and is in great demand by manufacturers in 
Midnapore. The principal centres of the horn 
comb industry lie in Ganjarn district (Orissa), 
Midnapore district (West Bengal), and Hydera- 
bad. 

Only the hollow portion of the horn is used in 
comb making, the solid portion at the base being 
rejected. The instruments required are: cutting 
saws. Biash for chiselling the outer portions of 
the horn, curved chisels for cleaning the inside 
of the horn, tongs, wooden presses, saws for 
shaping, tooth files, tooth cutting saws (big and 
small), and scrapers (Dcp. Industries, Bengal, 
Rep. Bengal Ind}istrial Survey Comm., 1947, 154). 
The hollow part of the horn is sliced crosswise 
and heated in a luminous flame to render it plas- 
tic. It is then pressed between two wooden 
frames and soaked in water for about 24 hrs. The 
softened horn is taken out from the water, re- 
heated, and pres.scd. The pressed material is 
planed with adzes and rasps and roughly shaped 
with the help of a template. The sides of the 
blank meant for toothing are levelled with rasps 
and the body of the comb is given the final shape 
and the required polish with the help of rasps 
and scrapers. Toothing is done manually in three 
different operations with tenon saws. The comb 
may be further treated to give an artistic finish. 
The polishing is generally done by womenfolk 
with the help of the dry leaves of Gharasana 
(Pterospermum suberifolium) tree. These leaves 
act like fine-grained sand-paper, and the treated 
combs are finally polished with wood charcoal. 
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The time taken for making one comb is lO-SO 
minutes depending upon the size of the article 
and the type of finish given. 

Cuttack and Parlakimedi (Ganjam district) 
have long been the principal eontres of horn 
comb industry in Orissa. The industry has re- 
cently spread to Bilaspur. Comb making is 
mostly a collage industry and no unit employs 
more than 10 persons. The total quantity of 
buffalo horns consumed is about 40 tons per 
year, the total output of combs being 7 tons. 
Waste pieces and fragments are used for making 
buttons and other small utility articles. Knife- 
shaped, bracket-shaped, rectangular and many 
other forms with single or double tooth strips, 
plain, or artistically finished, are manufactured. 
A type, locally called Telapura comb has in it a 
reservoir for oil so that hair is automatically oiled 
during use. Combs made in Orissa are exported 
lo Bombay, Calcutta, and many other market 
centres. 

The horn comb industry of Bengal was a 
nour ishing cottage industr'y prior to the introduc- 
tion of celluloid and plastic combs. Daspur 
(Ghatal sub-division) and Pa.skura (Tamluk 
sub-division), both in Midnapore district^ are 
now the main centres of production. More than 
6,000 persons are at present employed by the 
' industry. 

The combs are cheap and of fair quality. 
During World War II, these centres supplied a 
lar-ge part of the requirements of the Defence 
Services. It is estimated that no less than 
30,00,000 pieces w’cre produced between 1942 and 
1946 and supplied lo the Government of India 
through the Directoi'ate of Industries, Bengal, 
The demand has considerably declined in recent 
years. The present estimated monthly con.sump- 
tion a raw horns is stated to be 3,000 mds. (Infoi- 
mation from Department of Industries, West 
Bengal). 

Horn combs are manufactured to a small extent 
in Sambhal in Moradabad district (U P.) and in 
a few other places in U.P. 

Celluloid and Plastic Combs 

Celluloid is now extensively employed for comb 
manufacture. Prior to World War II, celluloid 
combs of various descriptions were being manu- 
factured on a fairly large scale in Calcutta and 
Jessore from rods and sheets imported from 
Japan. 

Celluloid sheets of proper thickness are sawn 
into suitable sizes and smoothened by warming 
under gentle pressure. The teeth arc cut as in 
the case of horn combs. The combs are polished 
with pumice and tripoli powder, water being 


COMBS 

allowed to drop on them to prevent heating and 
softening. Fancy combs are shaped after soften- 
ing in hot water or occasionally over a charcoal 
fire. Cheaper combs are made by warming hard- 
dried thick plates and culling the teeth in a 
stamping press. The resulting products have 
teeth devoid of taper. A better product is obtain- 
ed by stamping out the teeth from freshly 
prepared plates. The finished combs are dried 
without warping in a suitable apparatus. 

Plastic combs are now manufactured mostly 
from thermoplastic materials. The raw materials 
used in India include polystyrene imported from 
U.S.A. and Canada, and cellulose acetate, im- 
ported from U.K. 

A sizeable plastic comb industry exists in 
Bombay and in Calcutta. Polystyrene articles 
possess high dimensional stability and negligible 
water-absorption. They combine rigidity with 
good mechanical strength, and articles of spark- 
ling clarity or of any desired colour can be pro- 
du' ed. Since they arc light, more pieces per lb. 
ar(‘ obtained. 

Plastic combs are manufactured by injection 
moulding. Measured quantities of moulding 
power are fed into an electrically heated injection 
cylinder. The granules softening under heat and 
pressure in the cylinder arc forced through an 
orifice uadei* high pressure into a closed and tight- 
ly locked comb mould. The mass hardens into 
shape by cooling in the cavity of the mould. The 
mould is opened and the article ejected or 
removed. The machine has automatic controls 
and all operations are performed in a continuous 
and fast cycle of 15 -45 sec. Comb moulds con- 
tain multiple cavities varying from 2 to 24, and 
the number of combs per cycle varies accordingly. 

Approximately 350,000 gross of plastic combs 
of all types are said to be manufactured annually 
in India. The manufactured types include: 
pocket combs, 5 in. and 5.J in. long with fine and 
coarse teeth; pocket combs, 5 in. long with all 
fine teeth; gents’ and ladies’ combs, 7 in. long 
with coarse and fine teeth; gents’ comb 
7 in. long with all fine teeth; gents’ comb, iU 
in. long with coarse and fine teeth; barber’s comb, 
72 in. long wuth coarse and fine teeth; and dan- 
druff (double sided) combs with fine teeth. 

Miscellaneous Combs 

Ivory combs are manufactured in Mysore. 
Travancore, Cochin, Jaipur, and Poona. These 
arc expensive and are used only by the rich. 
Combs made of sandalwood are made in Mysore, 
and sold in all places in India. 

The best material for combs is said to be 
tortoise shell which, however, is expensive. 
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Vulcanite is an excellent substitute for tortoise 
shell, but a proper selection of the material is 
essential a id the space between the teeth should 
be grooved. Metal combs a*e not popular. 

Separate statistics of imports of combs into 
India are not available. Vulcanite combs were 
being imported from Austria into India in pre- 
War years. Table 1 gives lh(‘ import from iT.K. 
of hair combs and blanks dui-ing the 5 y ars, 
1942-46. 

CONCH SHELL INDUSTRY 

Bangles, bracelets, armlets, and other trinkets 
made of conch shell (Hindi — Sankha) have been 
used for centuries as adornment by Hindu women 
and a sizeable industry has been in existence 
particularly in Bengal. 

The main centres of production are Nadia, 
Bankura, and Hurdwan districts of Bengal. 
Calcutta also is an important centre of produc- 
tion and the main emporium for gathering the 
raw matei ial from chank fisheries in south India 
and Ceylon. The work is carried out by Shan- 
karis or conch shell arti.sans on a cottage industry 
basis. In the south, Pamban, on Rarnnad coast, 
was once a centre of co.ich shell products. 

The chank required by the industry is drawn 
from the lisheries in Tinnevclly (Tuticorin 
fishery), Rarnnad, the east coast (south Arcot and 
Tanjore), Travancore, and Kathiawar. A large 
quantity of chank is obtained also from the fishe- 
ries in the north of Ceylon. Travancore shell or 
Doanj is of excellent quality and is highly valued 
on account of its white colour and uniform size. 
Shells from Tuticorin and Baroda come next. 
Ceylon shells have a reddish hue and arc utilized 
in making bangles of the cheaper quality. A 
small quantity of chank is imported also from 
Japan. 

.l..arge-sized and fully formed shells are re- 
quired for producing bangles of high quality. 
Generally, four bangles are cut out from each 
shell; occasionally, if the size of the shell is large 
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enough, 6 or even 8 bangles may be cut from one 
shell. The two middle bangles form a pair. The 
two side bangles cut from one shell form sets 
with the corresponding side pieces cut from a 
similar shell. 

In the manufacture of bangles, the spiral core 
inside the shell is first removed and this opera- 
tion is carried out by expert artisans. The shell 
is held by the feet, as in a vice, and dextrously 
cut with a large and rather unwieldy form of saw 
to the required shape. A machine for cutting 
conch shell bangles by a powder-driven disc has 
boon developed by the Department of Industries, 
Bengal, and is now in use (Mitter, Bulk Dep. 
Industr., BerigaU No. 24, 1927). The outer surface 
of the cut rings are polished by rubbing against 
a flat sand stone and the inner side by rubbing 
against a sand-covered mandrill. The decorative 
work is carried out by artisans with simple tools. 

Bangles and bracelets are delicately formed 
and neatly ornamented with notches on the edge 
and various designs along the centre. They may 
be decorated with bands of gold filled into care- 
fully drilled grooves. They may be set with 
pearls, rubies, and other precious stones. More 
usually they are given variegated colour designs, 
the popular colours being shades of red and 
green. Coloured lac is melted and filled into the 
grooves of the engraved pattern, the excess 
being removed by dressing and polishing. 

From the pieces of shell left over after the 
bangles are cut out. rings, buttons, chains,' and 
toy figures are made. Beads are made from the 
spirals. The chippings and filings are sold to 
lime manufacturers. The filings are believed to 
have therapeutic properties and are used by in- 
digenous physicians for medicinal purposes. 

Data relating to the total outturn of the in- 
dustry are not available. The total consumption 
of raw materials and total annual production in 
undivided Bengal were estimated to be worth 
Rs, 32,600 and Rs. 10 lakhs respectively; the 
number of workers engaged in the industry was 
2,000 (Dep. Industries, Bengal, Rep. Bengal In- 
dustries Survey Comm., 1947, 151). 

Changing fashions and high prices of chank 
products are responsible for the decline of the 
industry. The raw material which has to be 
transported over long distances accounts for 60% 
of the ct)st of production. 

CONFECTIONERY 

Confectionery or sweetmeats are preserved 
edible delicacies consisting of a solid or crystal- 
line phase and a liquid or non-crystalline phase, 
the relative proportions of which determine the 



type of confectionery. The principal types of 
confectionery are hard boiled goods, caramel and 
toffee, satin goods, comfits or dragees, and lozen- 
ges. Indigenous confectioneries include Mithai, 
Rasagollas, Sandesh, and crystallized fruits. 

Sugar is the principal ingredient of confection- 
ery. In pre-War years, approximately 15,000 
tons of sugar were utilized annually in the manu- 
facture of boiled sweets (Rep. Marketing of 
Sugar, India, Marketing Ser. No. 23, 1943, 126). 
The industry received a great impetus during 
World War II, due to restrictions on imports 
and increased demand from the Defence Services. 
8,300 tons of sugar were allocated annually to 33 
sugar factories for the manufacture of sugar con- 
fectionery on a large scale. After the cessation 
of hostilities, a low confectionery factories closed 
down, while others expanded production and 
re-equipped the factories with modern machinery. 
In 1946, there were 30 important confectionery 
factories in the country distributed as follows: 
U.P. 15, Bihar 6, Bombay 4, Sind 2, Madras 1, 
Punjab 1, and Bengal 1. In addition, a large 
number of small concerns were producing sugar 
confectionery with indigenous equipment. The 
principal confectionery manufacturers are 
Daurala Sugar Works, Daurala; Parry & Co., 
Madras; C. & E. Morton (India) Ltd., Marhowrah; 
Paj'le Products Mjg. Co., Bombay; Pure Products 
and Madhu Canning Ltd., Bombay; Dr. D. 
Writer & Co., Bombay; J. B. Mangaram, Gwalior; 
Deccan Sugar & Ahkhari Co. Ltd., Samalkot; 
The Ravalgaon Sugar Farm, Ltd., Havalgaon; 
G. G. hidustries, Agra; Rohtas Industries, Dalmia- 
nagar; Lily Biscuit Co., Calcutta; Swastika Con- 
fectionery, Bihta; K. C. P. Ltd., Madras; and 
Southern India Confectionery, Kumbakonam. 
The biggest factory, owned by Parry & Co. (East 
India Distilleries and Sugar Factories Ltd.), has 
an annual capacity of 30 million lb., and produces 
-ibout 5 million lb. of sweetmeats per year. 

Raw Materials 

The principal ingredients of confectionery arc: 
sugar, flavouring materials, and colours. Sweet- 
ening agents other than sugar used in confec- 
tionery are corn syrup, sugarcane juice syrup, 
sugar syrup, golden syrup, molasses, and honey. 
Other raw materials used in confectionery arc 
pectins and gums, starch, cereal flours, and 
various kinds of nuts and fruits. 

White crystal sugar with a polarization value 
of 99-9° is suitable for the manufacture of quality 
confections. Amorphous sugar is used in the 
manufacture of toffees and other confections 
which are non-gritty to the palate. It is pre- 
pared by rapidly cooling a highly supersaturated 
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solution of sugar under vigorous stirring. 

The use of corn syrup permits a greater holding 
of dissolved sugars. Fondants made with corn 
syrup contain more than 84'; sugar in the liquid 
phase as against 67'; in preparations made only 
with sucrose. The high sugar concentration 
prevents fermentation and drying. Glucose with 
a high dextrin content is preferred for toffee. 
Corn .syrup should bo crystal clear, should not 
contain more than 18'; water, and should not 
change colour when boiled. The annual require- 
ment of corn syrup for sugar confectionery has 
been estimated at 3,000 tons. 

The flavour of confectionery is of importance 
as it inlluences not only the sense of small and 
taste, but also the ‘mouthfecr or the physical 
effect of the food in the mouth (Jacobs. T. 835). 
The flavouring essences commonly employed are 
vanilla, lemon oil, orange oil, peppermint oil, 
menthol, coumarin, and other natural products. 
Honey is also used as a flavouring agent. Synthe- 
tic flavours consisting of esters, ketones, alcohols, 
etc., simulating the distinctive aromas of fruits 
like strawberry, raspberry, pineapple, lemon, 
orange, and banana are also u.sed. Acid taste is 
imparted by the addition of tartaric, citric, 
malic, acetic, and lactic acids. When citrus oils 
are used for flavouring, it is usual to add citric 
acid to give the sour taste. Modified chocolate 
imparts a bitter taste; in high class confections 
especially those flavoured by citrus oils, naringin 
is added to give the bitter taste and to enhance 
the piquant flavour (Jacobs, loc. cit.). 

A variety of natural and synthetic edible 
colours are employed for colouring confectioner 3 ^ 
The colours are incorporated in the form of pastes 
or in glycerine suspensions. The confection is 
usually given the colour of the fruit or flower 
whose flavour has been reproduced. Synthetic 
colours used are: Indanlhrene Blue FCF and 
Tndigotine for blue shade; Guinea Green B, Light 
Green SF Yellowish, and Fast Green FCF for 
green shade; Orange I and Orange SS for orange 
shade; Ponceau 3R, Ponceau SX, Amaranth, Ery- 
throsine, and Oil Red XO for red shade; and 
Naphthol Yellow S, Nahthol Yellow S-potas- 
sium salt, Yellow AB, Yellow OB. Tartrazine, 
and Sunset Yellow FCF for yellow shade. They 
should be absolutely pure and free from harmful 
impurities particularly traces of arsenic and 
heavy metals. They should have high fastness 
to heat. Common natural colours used are car- 
mine, caramel, saffron, turmeric, and cochineal. 

Gums and gelatine are also used in confec- 
tionery. Gum arable acts as a stabilizer; it pre- 
vents crystallization of sucrose and thickens the 
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mix. Gum tragacanth is used along with gum 
arabic in lozenges. GeJatine of edible quality, 
m sheet or powder form, is used in pastilles. For 
pan goods and caramel confectionery, Hour and 
starch are required. Corn flour is used as dust- 
ing powder and in moulding. Nuts commonly 
used in coated confections are almonds, peanuts, 
walnuts, and cashew nuts. Among the seeds 
used are caraway, aniseed, and fennel. 

Invert sugar is usually added for cutting the 
grain or preventing graining, which normally 
occurs when supersaturated solutions present in 
sugar boilings are cooled down. It is obtained by 
the hydrolysis of 96Vf acidified sugar solution 
(pH 3 -4) with invertase. The acid is neutra- 
lized with soda ash to approximately pH 6. 
Dextrose crystallizes out, and the mass is beaten 
to produce a semi-plastic creamy product. The 
addition of invert sugar slows down the crystalli- 
zation rate of sucrose. Glucose (corn syrup) is 
also used for this purpose. Cream of tartar 
(potassium acid tartrate), acetic acid, tartaric 
acid, or citric acid arc sometimes added to the 
mix to hydrolyze a portion of sucrose to invert 
sugar. Excess invert sugar produces a soft pro- 
duct. 

With the exception of corn syrup, flavours, and 
colours, all the other raw materials required in 
the confectionery industry are available in 
India. Attempts have been made to produce corn 
syrup in starch factories in India, and small 
quantities were produced during the period 
1943 — 46, The production has now stopped due 
to shortage of maize supplies. 

Manufacture 

The simplest form of sugar confectionery is 
hard candy or hard sugar boilings, e.g., acid 
drops, pear drops, bulls’-eyes, etc. A solution of 
cane sugar, to which invert sugar or glucose, or 
a chemical reagent (‘doctor') for bringing about 
partial inversion is added, is cooked in a steam- 
jacketed kettle, and transferred under suction to 
a vacuum cooker and concentrated. Vacuum 
boiling gives a light coloured product. A super- 
saturated sugar solution with a glass-like con- 
sistency is obtained. The product is quickly 
cooled by spreading on an oiled, water-cooled 
table or plate. Flavouring and colouring materials 
are added and the product thoroughly mixed. It 
is cut into shapes by frame cutters. In the open- 
fire boiling process, a certain amount of carameli- 
sation takes place which imparts a characteristic 
flavour to the product. For mass production, the 
mix is passed as a thin film over heated coils in 
a steam-jacketed cooking tube, then to a revolv- 
ing cooling table, whence to drop rollers. 

114 


A particular variety of hard sugar boiling is 
the so-called Pulled or Satin Goods or Satinettes. 
In their preparation, the cooled sugar boiling is 
kneaded, pulled and lapped a number of times 
during which treatment tiny air bubbles arc in- 
corporated into the mass. The appearance of 
the product depends on the duration of pulling. 
Short pulling gives a satin, silk-like finish; 
prolonged pulling and lapping imparts a chalky 
appearance. 

The cooking temperature for hard boiled pro- 
ducts is 300-310 "F. A lower temperature (280- 
290"F.) is employed for the preparation of 
pulled or satin goods. The maximum tempe- 
rature employed in vacuum boiling for hard 
boiled products is 260-270 "F.; the temperature 
for pulled products is somewhat lower. 

Hard and pulled goods may be employed in the 
production of Filled Goods. Pulled candy of 
different colours are arranged on a table to give 
the required design on rolling; the batch is rolled 
in an automatic batch feeder by tapered rollers 
into a rope, which is passed through sizing rolls, 
cut, and moulded into dillerent shapes in automa- 
tic machines. The goods are dried by air and 
twist-wrapped. To produce Soft-centred Pro- 
ducts, honey, jam, chocolate, etc., are introduced 
into the sugar batch before the rope leaves the 
batch former with the result that the filling is 
surrounded by a uniform casing of sugar. 

Caramel and toffee contain milk and butter in 
addition to the usual ingredients, the former being 
softer; in the commoner varieties, butter is partly 
or wholly replaced by coconut or cacao butter or 
margarine. In the manufacture of caramels, 
butter and milk are emulsified in a hornogenizer 
to a creamy product, and added along with other 
ingredients- icing sugar, corn syrup, corn flour 
or cashew powder — to the boiling pan fitted 
with mechanical stirrers. The mixture is cooked 
(260— 280"F.) rapidly. The material is poured 
on oiled slabs, flavoured, and moulded by casting. 
Low grade caramels are made from sugar, gur, 
hydrogenated vegetable fat, and wheat flour. A 
particular variety of caramel, known as coconut 
caramel, contains desiccated coconut. 

Toffee is cooked to a higher temperature, 
(290— 300‘’F.) than caramel .so that caramel isa- 
tion occurs, and the resulting product is cut 
and not cast. The temperature employed in 
vacuum boilers is about 230-240"F. The pro- 
duct from the boiling pan is poured on a cooled 
slab, and, on setting, cut with a die. Alternatively, 
it is fed into an automatic batch feeder, formed 
into a rope by size rollers, and fed to an auto- 
matic plastic cut-and-wrap machine. Plain toffee 



is prepared from sugar and corn syrup only, and 
differs from hard sugar boilings in respect of 
cooking temperature. Milk and fats are added to 
the better varieties to impart flavour and to 
develop a softer and more pliable texture. Un- 
wrapped toffee contains flour. 

Coated confections, also known as Pan coated 
Confections, Comfits or Dragees consist of nuts 
or seeds, or boiled goods or chewing gum, coated 
with a hard glossy sugar covering. The nuts or 
other centres are placed in a rotating coating pan 
and given an under-coat of gum arable or gelatine 
(10%) and sugar syrup (30'’ Be.), and a final 
coating of sugar. For the latter a supersaturated 
sugar solution is added in small quantities and 
the pan rotated until the moisture from the 
syrup evaporates and leaves a thin sugar coating 
on the centres. The coating process is repeated 
a number of times until the required size is 
built up. The material is dried after each coating 
by hot air; dusting with flour or other starchy 
material facilitates drying. High grade pro- 
ducts arc covered with sugar only. The polish 
and smoothness of the coated goods are due to 
continual rubbing against one another and 
against the sides of the pan. They arc finished 
in a special polishing pan lined with heavy wax- 
coated canvas, dried, and packed. 

Fondants have the same composition as hard 
sugar boilings (sugar, 60; water, 20; and corn 
syrup, 20^,0 (von Loesccke, 425). The mixture 
of sugar, corn syrup, and invert sugar (or cream 
of tartar) is cooked at 234 — 240 “F. If the cooking 
is properly carried out, the syrup produced, when 
dropped into cold water, forms a soft ball which 
flattens on removal. The supersaturated solution 
from the cooker is carefully cooled and whipped 
for 3 — 5 minutes to induce the formation of 
minute crystals of sucrose. It is then thinned 
with sugar syrup, cooling it all the time to re- 
move the heat of crystallization. The product is 
ripened or cured for 24 hours or more when the 
water present distributes itself uniformly 
throughout the mass. Acid fondants are obtain- 
ed when acid is added to invert part of the sugar 
and glucose fondants are obtained when corn 
syrup is used (Jacobs, II, 587). 

The texture of the fondant varies according to 
the graining of the supersaturated sugar solution. 
The nature of the grains produced depends on the 
degree of sucrose inversion, concentrations of dex- 
trose and invert sugar present, cooking time and 
temperature, manipulation of fondant mixture, 
addition of colloidal ingredients, e.g., egg-albumin 
and gelatine, and the period of curing or ripen- 
ing (Jacobs, loc. cit.). All the sugar must 
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be thoroughly dissolved before boiling. During 
boiling, the solution should be stirred to prevent 
caramelisation; it should not be stirred after 
boiling as it facilitates crystallization. 

Lozenges are prepared by cold mixing of icing 
sugar, gum arabic, gelatine, or stearine, and 
flavouring materials. Two types of lozenges are 
produced. Plain lozenges are made by cutting 
pieces from a sheet of dough and drying them in 
air. Cut lozenges are made from mixtures of 
icing sugar and flour (in low-priced goods) with 
gums as binding agents. The mixture is rolled 
or extruded into sheets, cut into required shapes 
and sizes, and hardened by heating. Colouring 
and flavouring materials are introduced at the 
time of kneading or during hardening. Com- 
pressed lozenges arc prepared with stearine and 
gelatine as binding agents. The same procedure 
is employed in the production of medicated pro- 
ducts. 

Lozenges should have good snap or brittleness 
for which thorough and intimate mixing of 
dough is essential. The drying temperature 
should not exceed 105 ‘’F. and lozenges should not 
be left longer than is necessary in the drying 
stoves. 

Jelly crystal is made by mixing refined sugar 
with gelatine solution, flavour, and colour. No 
cooking is needed. Jujubes are made by mixing 
cooked glucose and sugar solution with gelatine 
solution, flavouring and colouring materials, and 
finally starch-moulded. The products, after they 
have been removed from the moulds, arc slightly 
moistened with water and coated with refined 
white sugar. 

Confections are wrapped in glassine, cello- 
phane, or waxed paper, and packed in tin con- 
tainers. Boiled goods are packed in 2, 3, 4, 7, and 
32 lb. tin containers, and toffee in 2, 4, 7, 22, and 
28 lb. containers. 

Modern factories are equipped with steam and 
vacuum pans for boiling, drop-cutting machines, 
pulling machines, toffee-cutting machines, mecha- 
nized units for making plastic sweets, satin 
goods, soft-centred goods and lozenges, revolving 
comfit pans, tableting machines, wrapping and 
packing machines for boiled sweets, toffees, etc. 
The smaller concerns employ coal fired furnaces, 
cast-iron cooling slabs, hand rollers for boiled 
goods, satin goods making machinery, copper 
revolving pans, sugar grinders, and other ap- 
pliances. The processing is mainly done by 
hand. Coated goods are made in copper revolving 
pans which are heated from beneath, and lozenges 
are made with hand punches and wrapped by 
hand. 
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TARLK 1.— PJlICKS OP COJTKROTfOJTKKY PUODUtJTS )nTS OK CONi-’KCTXONKRY 



Rs. 

a. 

Rs. 

a. 


Qty. 

Valuo 

Hurd bjilod goods 

1 

0 to 

1 

1 


(cwt.) 

(Rs.) 

SaMn goudn 

1 

1 

1 


1934/35-1038/39 (av.) 

2.542 

1,03,492 

Wrappcxl goods 

1 


1 

10 

1030/40-1943/44 (av.) 

12,151 

6,00,423 

Soft-i'ootred variot-ioS 

1 

11 

1 

•3 

1041-45 

los 

17.532 

TofToo 

1 


1 

11 

1015-40 

151 

18,176 

Mdk caraniol 

1 


1 

n 

104H-17 

105 

10,600 

Comfits 



1 


1947-48 

4 

400 

Rifle balls 

0 


0 



Poaniit.s 

1 

4 



T04S-10 

11,423 

11,72,230 

Almonds 

1 

8 



1949-50 

764 

98,499 


TjOZOiigoH I 7 

Jiijiibi'H 1 IX 

The production costs vary widely in different 
factories. The variation in the costs of hard boil- 
ed goods is from Rs. 50 to Rs. 95 per cwt.; toffee, 
from Rs. 150 to Rs. 200 per cwt.; and lozenges 
and comfits, from Rs. 60 to Rs. 80 per cwt. The 
landed cost of English toffee in July 1949 was 
Rs. 233-8-0 per cwt. in 4 lb. tins, while the price 
of tolfee sold by one of the leading Indian manu- 
facturers in 4 lb. decorated tins ranged from 
Rs. 234-8-0 to Rs. 304-8-0 per cwt. 

Table 1 gives the present prices of various pro- 
ducts manufactured by one of the leading con- 
fectionery manufacturers in north India. 

Production and Trade 

It is diflicult to estimate the total output of 
sugar confection manufactured in the country 
as a large proportion of it is produced by small 
concerns. Sugar factories i.i India produced 5,000, 
6.621, and 6,359 tons during the years 1942-43, 
1943-44, and 1944-45 respectively. The quotas of 
sugar sanctioned for confectionery manufacture 


TARLIO 2.— IMPORTS OK CONKKCTlOxVER Y 



Qtv. 

Vulim 


(cwt.) 

(Rs.) 

1934/35-103S/.30 (av.) 

20,907 

HI, 57.391 

1030/40 --‘194.3/44 (av.) 

8,027 

7,13,189 

1044-45 

1.015 

1,40,597 

1045-46 

2,806 

2,93,823 

1046-17 

4,657 

3,00,778 

1017-48 

18,780 

20,58,328 

1018 -40 

10,060 

22,99,497 

1040-50 

2,764 

15,98,13.3 


during the period of sugar control were 11,210 
tons in 1944-45, 10,100 tons in 1945-46, and 10,000 
tons in 1946-47. The output of confectionery in 
1947-48 has been estimated at c. 12,000 tons. The 
quota of sugar sanctioned in 1950 is about 
600 tons per month. The total demand of con- 
fectionery in India is estimated at 30,000 tons a 
year. 

Table 2 gives the imports of confectionery into 
India. Imports of confectionery arc subject to 
60[i ad valorem duty. 

Table 3 gives the exports of confectionery 
from India. In 1943-44, Iraq, Iran, and Ceylon 
were the main importing countries. 

Sugar confection is wholesome and nutritious. 
It is a high calory food. When eaten alone or in 
considerable amount (c. i lb.), it depresses the 
secretion of gastric juices and delays evacuation 
of the stomach; there is a resulting tendency of 
the stomach juices to absorb water from the lin- 
ing of the stomach which, in turn, causes irrita- 
tion (Jacobs, I, 837). 

Indian Confections 

In addition to boiled sugar goods a large variety 
of confections and sweetmeats are made through- 
out the country, e.specially in cities. There are no 
organized factories as in the case of sugar confec- 
tionery. A number of large concerns, especially 
in Calcutta, employ several hundred workmen in 
preparing sweetmeats. The preparations are 
c itirely hand-made. 

Raw materials . — ^The principal raw materials 
used in Indmn confectionery arc sugar, Chhana 
(casein) and Khoa (evaporated milk), pulse meal, 
wheat flour, rice flour, Suji (samolina), ghee, and 
colouring materials. Raisins, almonds, pistachios, 
cashew nuts, spices, and condiments are added. 
Pulse meal in usually fresh ground. Refined 
sugar is used for high class confections; if ordinary 
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sugar has to be used, it is refined by stirring up a 
boiling solution of the sugar which milk when 
the impurities separate out in the form of a scum 
and are ladled off : The process is repeated a 
number of times till scum formation ceases when 
milk is added. Gur is used only for cheap 
products. 

Indian confectionery may be classified into five 
groups: (1) Mithai made from sugar, rice flour, 
and pulse meal; (2) sweets made from sugar and 
chhana; (3) Chhana products boiled in syrup; (4) 
fried wheat flour products treated with sugar 
syrup; and (5) miscellaneous products Manufac- 
ture of Confectionery, 1945, 132). 

The first group comprises Bundia, Mihidana, 
Bundi-laddu, Darbesh, Jilebi, Motichur, etc. They 
are prepared by frying a homogeneous batter 
made from pulse meal, rice flour and water, in 
ghee and soaking the product in sugar syrup. For 
Bundia, Mihidana, Motichur, Darbesh and like 
products, the batter is poured on a flat skimmer 
containing a largo number of perforations which 
is kept jerking against the side of the frying pan 
to allow drops of the batter to fall. The fried 
product is removed from the bath and transferred 
to a warm sugar syrup of proper consistency. The 
soaked product is separated from the syrup, and 
dried. Different products are made from batters 
of different consistencies and from different pulse 
meals. Sweetened fritters are taken in handfuls 
and made into balls to give Mihidana and Bundi- 
laddu. To facilitate balling, a small quantity of 
ghee and water may be added, and raisins, slices 
of pistachios, almonds, etc., are incorporated. 
Coloured and plain fritters are mixed with Khoa 
previously brayed and sifted, raisins and other 
materials added and the mixture made into balls 
of DarbCvSh. 

Jilebi IS made in a slightly different way. 
Flour (Maida) and Suji are kneaded with a small 
quantity of curd and aniseed water, and ferment- 
ed. The dough is mixed with rice flour or Baison 
(gram flour), and made into a batter with the 
consistency of honey or treacle. The batter is 
dropped in a thin stream into a flat frying pan 
containing boiling ghee, the stream being laid in 
circles of progressively diminishing diameter to 
produce coiled shapes. The fried product is 
soaked in hot, thin, sugar syrup. Saffron colour 
and essence are generally added to the syrup, A 
product somewhat similar to Jilebi is Amriti 
made from Kalai (Phaseolus mungo) pulse paste, 
rice flour, sugar, and ghee. 

Sandesh belongs to the second group. It is 
made by cooking Chhana with sugar. Freshly 
prepared Chhana is pressed to remove the whey, 


care being taken to see that no fat passes out. It 
is broken into small lumps and kneaded into a 
soft pliable dough on a wooden tray and cooked 
with sugar on a low fire, stirring and kneading 
with a wooden spatula till all the moisture is 
driven out. The proportion of Chhana to sugar 
varies according to the type of Sandesh requir- 
ed, and a wide variety of textures, coarse and 
fine grained, hard or soft, are possible. The 
product is flavoured with powdered nutmeg, 
mace, cardamom and, sometimes, rose water, rose 
otto, or fruit juices. The cooked product is 
pressed into a variety of shapes and sizes in 
wooden moulds. 

Rasagolla, Pantooa, Chum Chum and like pro- 
ducts come under the third group. They are 
prepared by boiling Chhana in sugar syrup. 
Rasagolla is a popular preparation throughout 
northern India. Arrowroot, suji, or maida (wheat 
flour) and sugar are mixed with Chhana in a 
wooden platter and kneaded into a soft dough, 
shaped into small balls, and cooked in a boiling 
thin syrup in a deep pan, care being taken to 
maintain the strength of the syrup by frequent 
additions of water to make up the loss by evapora- 
tion. The boiling process may be continued till 
the balls begin to sink in the syrup. The cook- 
ed balls are transferred into hot syrup stock 
and kept for a few hours to allow the syrup to 
permeate the Rasagolla and render it soft, juicy, 
and spongy. For the more expensive varieties, 
such as Rajbhog, scented Khoa is inserted into 
the dough ball before cooking in .syrup. 

Pantooa and other products arc made by frying 
dough in ghee on a low fire until brown, and 
soaking the fried mass in syrup. Khoa is added 
to Chhana and kneaded to give a smooth texture 
and to improve the taste. Pantooa has an elon- 
gated shape. Gulab-jaman is prepared from a 
stiff dough, pulverized and sifted Khoa, and 
maida. The dough is shaped into balls or elong- 
ated cylindrical shapes, friend in ghee until light 
brown and soaked in syrup. 

Khaja, Gaja, etc., belong to the fourth group. 
Wheat flour is kneaded after adding water and 
ghee to give a soft dough. The dough is rolled 
into a sheet on a flat plate with a rolling pin. The 
sheet is cut into different shapes and sizes, fried 
in ghee until brown and crisp, and transferred to 
a warm syrup of somewhat thick consistency. The 
product is taken out and dried. 

Another popular Indian confection is Pera made 
from concentrated sweetened milk. The mixture 
of milk and sugar is boiled under stirring until it 
thickens and becomes elastic. It is cooled and 
shaped into small flattened cakes or Peras. Barfis 
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are made from Khoa powder mixed with sugar 
syrup under gentle heating. When the mass 
attains a buttery consistency, heating is stopped, 
flavours added, and the mixture poured into a flat- 
bottomed dish for setting. It is then cut into 
various shapes with a wet knife. 

Candied or crystallized fruit is prepared by 
impregnating fruit with syrup. Crystallized and 
candied fruits are glaced by a coating of heavy 
syrup which dries to a more or less firm struc- 
ture. 

A large variety of fruits are candied in India. 
Petha (Beyiincasa hispida) is particularly popular. 
The fruit is washed, peeled, and cut into 
pieces after eliminating the pith. The pieces 
are rendered firm by immersion in lime water 
and pricked to make them translucent and to 
facilitate the penetration of sugar. They are 
again immersed in lime water, washed thoroughly 
with water, and cooked for about 10 minutes in 
boiling water containing a little alum to whiten 
them and to render them soft and spongy. They 
are then transferred to sugar syrup and cooked 
intermittently, the concentration of syrup being 
progressively raised. The cooked slices are dried 
after adding a few drops of Keora (Pandamus 
tectorius) essence. 

Indian confectionery is packed in cardboard 
cartons and paper packing cases for distribution. 
Rasagollas and Petha are availabale in hermeti- 
cally sealed cans. 

The output of candied and crystallized fruits 
during the year ended 30th June 1948 was 97,315 
lb. valued at Rs. 1,21,461 (Indian TarilT Bd, Rep, 
Continuance of Protection to the Preserved Fruit 
Industry, 1949, 30). 

COPPER 

Copper is by far the most important non-ferrous 
metal used in industry. By virtue of its valuable 
physical and mechanical properties, long life, 
comparative cheapness and high scrap value, it 
occupies a position next only to iron and steel in 
commercial importance. About half the output 
of copper is used for electrical purposes. The rest 
is -used in the form of alloys, the most important 
among them being the brasses and the bronzes. 

Metallurgy --Chalcopyrite CuS- FegSg occurring 
in admixture with pyrite, pyrotite, etc., forms the 
ore from which the world’s largest supply of 
copper is derived. Such ores carry appreciable 
amounts of gold and silver. Two methods are 
used for extracting the metal from the ore — the 
pyrometallurgical or the dry method widely em- 
ployed in the treatment of sulphide ores and the 
hydrometallurgical or wet method. The latter is 
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limited in its application, and is employed for the 
treatment of low grade oxidized ores and oxidized 
tailings. Sulphide ores and effluents from flota- 
tion plants containing soluble copper salts can 
also be treated by this method. 

Pyrometallurgical method. — The metal is re- 
covered by the following sequence of operations: 
(1) concentration or beneficiation of ore, (2) roast- 
ing, (3) smelting to matte, (4) conversion of 
matte to ‘blister copper’, and (5) refining of blister 
copper. 

The sulphide ore, owing to its low copper 
content, is first concentrated, usually by froth 
flotation, prior to roasting. The concentrate is 
roasted to oxidize the sulphur present in excess 
of the amount required to form Cu^S with all the 
copper present and to form FeS with some of the 
iron present in the charge. The sulphur dioxide 
produced is used in the manufacture of sulphuric 
acid. 

The McDougall furnace is usually employed for 
roasting, the heat required being provided by the 
oxidation of sulphur. Copper sulphide is oxidized 
less rapidly than iron sulphide and the roasting 
is so regulated that the calcine contains a larger 
part of the copper as sulphide. 

The calcine is smelted in a reverberatory or 
blast furnace. The use of the blast furnace is 
confined to rough ore, oxide ore, and ores con- 
taining silver and gold. Reverberatory furnaces 
are used for concentrates. During the smelting, 
iron is preferentially oxidized, and the iron oxide 
so formed is separated as slag from 'the matte, 
which is a complex mixture of cuprous and iron 
sulphides with sulphides of certain other metals 
present in the ore. The matte is blown with 
compressed air (12—15 Ib./sq. in.) in basic-lined 
Bessemer converters when part of the sulphur is 
removed as sulphur dioxide. The iron oxide is 
fluxed with silica and removed. The heat requir- 
ed to keep the metal molten is supplied by the 
oxidation of iron sulphide. About 160,000— 
200,000 c. ft. of air are required per ton of blister 
produced (Liddell, 244). The residue in the con- 
verter consists of cuprous sulphide, the precious 
metals, and a few impurities. 

On further blowing, the copper sulphide is 
oxidized and the operation is stopped when all 
the sulphur is burnt off. The resulting product, 
blister copper, is cast into cakes for subsequent 
treatment. Blister copper contains 96—99% 
copper and 2—5% impurities, e.g., sulphur, 
oxygen, arsenic, and iron. It is porous and 
brittle, and retains the precious metals present 
in the original ore. 



The blisters are fire-reflned or furnace treated, 
and if sufficient amounts of precious metals are 
present they are further refined by the electro- 
lytic method. The electrolytic method is also ap- 
plied when copper free from lead and zinc is re- 
quired. The bulk of copper now produced is 
clectrolytically refined. The cost of the pro- 
cess is often covered by the value of the precious 
metals recovered. For fire-refining, pigs of copper 
are slowly melted in a reverberatory furnace 
under highly oxidizing conditions until the im- 
purities are oxidized and removed either by vola- 
tilization or by fluxing. Part of the copper is oxi- 
dized during the process and the metal is saturat- 
ed with cuprous oxide. The slag is removed, 
and the metal covered with coke or charcoal 
and poled with green wood poles. During this 
treatment, considerable agitation of the metal 
takes place and the oxide is reduced to metallic 
copper by the gases given off by the poles. The 
process is continued until the oxygen content is 
reduced to 0*03 -0-05Vf. The product thus 
obtained contains over 99*2^/r copper and is known 
as ‘tough pitch*. It is cast into pigs, ingots, or 
other shapes. 

In electrolytic refining, copper sulphate acidi- 
fied with sulphuric acid is used as electrolyte. 
The copper to be refined forms the anode, the 
cathode being pure copper. During the elec- 
trolysis, impurities like iron, nickel, cobalt, zinc, 
arsenic, and antimony pass into solution, while 
the precious metals, gold, silver, and platinum, 
the rare metals, selenium and tellurium, and lead, 
accumulate as insoluble anode slime; a few other 
impurities pass partly into solution and partly 
into slime. In the multiple electrolysis process, 
the cathodes alternate with the anodes and are 
connected in parallel. In the series system, the 
cathodes and anodes are connected in pairs. 

The copper produced by the multiple system 
per kw. per day at a density of 18 amp./sq. ft. is 
165 — 180 lb., while in the series system, the pro- 
duction is 340—380 lb. (Liddell, 262). The multi- 
ple system is more commonly adopted, as it 
requires less care in operation, but is costlier 
owing to higher consumption of current and 
bigger capital outlay. Electrolytic copper con- 
tains 99‘98/v copper and traces of reducible gases. 
It is remelted, oxidized, poled, and finally cast. 

Hydrometallurgical rn^ethod . — In the wet 
method, the natural or roasted ore is leached with 
solvents such as dilute sulphuric acid, dilute solu- 
tions of ammonia and ammonium salts, solutions 
of sulphur dioxide, ferric chloride, etc., and the 
copper is recovered from the leached solution 
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either by precipitation with metallic iron or by 
electro-deposition (Liddell, 345). 

Secondary Copper 

In addition to the copper derived from ores, a 
secondary source of copper is the recovered metal 
from copper scrap. The secondary copper 
industry utilizes commercial copper and copper 
alloy scrap. The collection and grading of 
scrap is important. U.K. produced during 1942-44 
about 2,250,000 tons of copper of which about 
1,000,000 tons or nearly 42'5V< was secondary 
copper; in U.S.A. electrolytic copper accounted 
for 221,882 tons of the 984,231 tons of secondary 
copper produced during 1943-44 [Mitter, Metal 
Market Rev., 1950, 3 (1), 23]. 

Two kinds of scrap arc employed: (1) industrial 
.scrap in the form of borings, turnings, clippings, 
punchings, etc., resulting from the manufacture 
of wrought and cast metal and alloys, and (2) 
scraps, such as wire, sheet, rods, pipes, utensils, 
castings, etc., arising from fabricated metal pro- 
ducts which have outlived their u.sefulnes.s. Scrap 
may be either reprocessed for the lecovery of 
virgin metal or converted into standard alloys. 
Highly contaminated .scrap cannot be directly 
used for making standard alloys. Such scrap — 
drosses, .slags, skimmings, etc. — in which copper 
or oxidized copper is entrapped, and scraps con- 
taining low concentration of copper and conse- 
quently unsuitable for preparing standard alloys, 
are treated for the recovery of copper (Rep. Panel 
Non-ferrous Metal Indufitries, 87). The methods 
employed for this purpose are similar to those 
used in the conventional processing of ores or 
concentrates, and involve the use of reverberatory 
furnaces and fluxing and reducing agents. The 
reduced metal is then fire-refined, followed by 
electrolytic refining where desired. For econo- 
mic reasons it is preferable to select scrap of a 
specified quality, extract copper, and utilize it 
for preparing standard alloys. Sometimes it may 
be necessary to add virgin metal or secondary 
metal or alloy to the molten scrap in order to 
bring the concentration of copper to the level 
required for processing. 

Alternatively, different grades of scrap may be 
melted separately, assayed for copper, and then 
mixed in the calculated proportions to obtain a 
standard composition before subjecting it to the 
recovery treatment. 

The methods of refining copper scrap have been 
intensively studied in Germany, Japan, and U.S.A. 
In one of the processes developed in Germany, the 
scrap is oxidized selectively in a converter by 
passing gas or steam through the molten scrap, 
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thereby liberating oxides of tin, lead, zinc, and 
antimony. The copper so obtained and assaying 
96 — 98% is fire-refined to 98—99% purity. It is 
finally refined by the electrolytic process. In 
U.S.A., a high temperature electric furnace treat- 
ment has been adopted. Molten scrap is distilled 
in a resistor electric distillation furnace when 
zinc, lead, tin, aluminium, manganese, etc., distil 
over. The residual material is refined in a con- 
verter by melting with a flux of sand, lime, and 
iron ore in suitable proportions to form a low 
fusion slag. In another process, brass scrap is 
heated under controlled conditions to such a 
temperature that most of the metals present is 
removed by volatilization. The zinc so obtained 
is recovered as spelter (Mitter, loc. cit.). 

Properties 

Pure commercial copper has the following phy- 
sical properties: at. wt., 63-57; sp. gr., 8-93; 
m.p., 1,083“; b.p., 2,325“; thermal conductivity, 
0-92 cal./sq. cm./cm./sec./“C.; sp. heat, 0-92 
cal./g./“ ; coefficient of thermal expansion, 
16*6 X 20'"; latent heat of fusion, 41-7 — 

50*46 cal./g.; and electrical resistivity, L-7241 mic- 
rohms/c.c. at 20“ (Copper Develop. Assoc., 
Copper Data, 1947, 17, 20). Among its valuable 
properties mention may be made of the following: 

(1) High ductility and malleability . — Copper 
can be rolled into sheets less than 1/500 in. thick, 
drawn into wire 1/1000 in. diam., pressed, rolled, 
spun, coined, and cold-headed. Several copper 
alloys, notably brass, have similar properties. 

(2) High thermal and electrical conductivity 
per unit volume . — Higher than for any other 
metal except silver, which is but slightly superior 
to copper in this respect. 

(3) Ease of fabrication . — Copper and most of 
its alloys can bo joined with ease by soldering, 
brazing, and welding. It can be fabricated by 
cold working, such as rolling, drawing, pressing, 
and by hot working, such as pressing, extrusion, 
and stamping, and by machining. 

(4) Resistance to many form.s of corrosion. 

(5) Attractive colour . — Copper is the only metal 
except gold with a distinctive colour. The colour 
of copper and its alloys range from red in the 
pure metal to chocolate, ochre, golden yellow, or 
white in its various alloys. 

Copper is an extremely tough metal and has a 
remarkable resistance to fracture from sudden 
shock loads. Its strength and hardness are 
enhanced by cold working; the hardening can 
be removed, when necessary, by annealing at 
about 500“. It can be hot worked at 800—900“. 
Copper maintains its strength at somewhat 
elevated temperatures and possesses ideal hpt 
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TABLE 1.— MECHANICAL PJIOPERTIES OF COPPER 
Tonsilo 



stnungth 

Tons/sq. 

ill. 

Elongation 
% on 2 in. 

Brinoll 

hurdnf'HS 

Density 

(approx.) 

Cast 

10-11 

26-30 

40-16 

8*6 

Cold worked* 

20-26 

5-20 

80-100 

8*9 

Annealed (after 
cold working)* 

14-16 

60-00 

46-55 

8*9 


*Sootion8 of thicknoHs exceeding about 1 /8 irurh. 


working properties. Table 1 gives some of the 
mechanical properties of copper (Copper 
Develop. Assoc., op. cit., 2). 

When compared with ferrous metals, copper is 
extremely resistant to atmospheric corrosion. 
When exposed to air, copper forms on its surface 
a continuous oxide film which, unlike the rust on 
ferrous metals, does not absorb moisture and 
resists further attack. Exposure to moist sulphur 
dioxide or chlorides leads to the formation of a 
bright pale green film of basic sulphate or chlo- 
ride and of basic carbonate formed by slow re- 
action with moist carbon dioxide; the oxy-salts 
gradually become mineralised and the green 
patina so formed is extremely resistant to 
further attack. Under stringent service condi- 
tions copper and its alloys withstand corrosion to 
a greater extent than other materials of compar- 
able price. 

Copper is not affected by dilute sulphuric or 
acetic acid in the absence of air. In general, 
plant and equipment made of copper can be used 
for processes involving the use of dilute acids, 
caustic alkalies, solutions of salts like aluminium 
chloride, calcium chloride, aluminium sulphate, 
zinc chloride, etc. It cannot be used in contact 
with ammonia, nitric acid, acid chromate, ferric 
chloride, mercury salts, perchlorates, and per- 
sulphates. It is suitable for underground service 
on account of its high resistance to corrosion by 
soil. 

The physical properties of copper are affected 
by certain impurities. Iron forms brittle solid 
solutions and antimony affects the cold working 
property. Phosphorus in small amounts is a 
deoxidant but in excess causes brittleness and 
impairs electrical conductivity. Bismuth forms a 
eutectic with copper and causes brittleness, ad- 
versely affects the cold working property and 
reduces tensile strength even when it is present to 
the extent of 0*002%. 

Commercial Grades . — Commercial copper is 
available in a variety of grades, among which 
the following are important: High Conductivity 
(HC) copper, Refined (Best Select, BS) copper, 
and Arsenical copper. Where electrolytic 



refining process have been adopted for the pro- 
duction of HC copper, the product is referred to 
as Electrolytic or Electro copper. Commercial 
grades containing a small percentage (0-025— 
0-08%) of oxygen in the form of cuprous oxide 
are known as Tough Pitch copper, e.g., Tough 
Pitch HC copper (electrolytic and fire-refined), 
Tough Pitch Arsenical copper and Tough Pitch BS 
copper. Tough Pitch copper may be deoxidized 
to give Deoxidized copper, such as Phosphorus 
Deoxidized Arsenical and Non-Arsenical coppers, 
and Oxygen-free High Conductivity (OFHC) 
copper. Other grades are: Chile bars, Lake 
copper, Castings, and Secondary copper. 

By far the greatest proportion of copper is 
marketed as HC copper (over 99-95% Cu). It is 
used mainly in the electrical industry. It is used 
also wherever high thermal conductivity is 
required and in alloys required for coinage, am- 
munition, etc., where high purity copper is 
demanded. 

BS copper produced by fire-refining usually 
contains over 99-7^r Cu, and is used generally in 
the manufacture of alloys. 

Arsenical copper contains 0-3— 0-5% arsenic; 
it has higher strength and toughness than refined 
copper. The addition of arsenic raises the endur- 
ance limit as determined by fatigue tests, 
enhances the softening temperature during an- 
nealing (by about 100°), improves the retention 
of strength and prevents excessive scaling of the 
metal at elevated temperatures. Arsenic affects 
the electrical conductivity markedly. 

Tough pitch arsenical copper can be deoxidized 
with phosphorus or other deoxidizers, e.g., silicon, 
lithium, magnesium, beryllium, and calcium to 
give a high purity product with improved ducti- 
lity and malleability. It can be readily welded. 
Oxygen-free high conductivity copper has high 
ductility and is resistant to the action or reducing 
gases. It is particularly well adapted for edge 
bonding, deep drawing, and spinning operations. 

Copper ingots produced in Chile, weighing 
200 lb. and a.ssaying 95- 99/i Cu with small per- 
centages of gold and silver, are known to the 
trade as Chile bars. Lake copper is smelter- 
refined copper assaying over 99-8% Cu, produced 
from the copper deposits of Lake Superior. 
Casting copper (U.S.A.) is a smelter-refined 
product containing 98-5-99-75% Cu; it includes 
some secondary copper. 

Uses 

The high electrical conductivity of pure copper 
makes it particularly valuable for the manufac- 
ture of cables and wires required for electrical 
transmission, windings, electrodes, lightning 
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conductors, earthing systems, switchgear, elec- 
tric lamp caps and sockets, signalling equip- 
ment, and for various electrical equipments 
in electric locomotives, tramways, automobiles, 
radio broadcasting, etc., and wire cloth. Its 
high thermal conductivity is taken advantage 
of in the use of copper for radiators and cooling 
systems in internal combustion engines, refrigera- 
tor tubes, coils and vessels, locomotive fire 
boxes, air-conditioning equipment, stills, evapo- 
rators, and cooking utensils. As it is highly re- 
sistant to corrosion, it is employed for fabricating 
plant required for the chemical industry, and 
tubing for water distributing systems. Finely 
divided copper is used as a decorative material 
for ceramic coatings and as catalyst in organic 
syntheses. Copper is al.so employed in the manu- 
facture of copper salts required for pigments, 
medical preparations, insecticides, and water 
purifiers. Cuprous oxide and copper naphthc- 
nate are ingredients of anti'fouling paints for 
ships’ bottoms, mildew prevention and rot proof- 
ing compositions for fabrics, and timber preser- 
vatives. 

Copper Alloys 

Copper alloys are next only to iron and steel in 
commercial importance. The more important 
alloys are: copper-zinc, copper-tin, copper- 
aluminium, and coppcr-nickcl. An alloy con- 
taining 1% cadmium is used in the manufacture 
of electrical transmission wires. Copper-beryllium 
alloys have attained great importance in 
engi neer ing industries. 

Copper-zinc Alloys . — Zinc lowers the melting 
point and enhances the ductility of copper. The 
hardness increases and reaches a maximum when 
the alloy contains zinc; the ductility in- 
creases up to 30% concentration. The colour of 
the alloys varies from coppery red to yellow with 
increasing proportions of zinc. Important among 
the copper-zinc alloys are the brasses which 
contain 55- 80% copper. Two principal brasses 
are in use, viz., a-brasses (Cu, > 63%) in which 
all the zinc is in solid solution, and the a-^- 
brasses (Cu, 57- 61%) which in addition to 
a -constituents also contain j3 -constituents. Other 
alloys of the copper-zinc series are the low brasses 
or gliding metals (Cu, 80-90%; Zn, 10-20%), 
and the alloys containing less than 55% Cu. 
Brasses have good resistance to atmospheric cor- 
rosion. They can be cast, extruded, forged, 
pressed, drawn, and machined. 

a-Brasses are generally straight alloys, suit- 
able for cold working. The more important 
among them are: Cartridge brass (Cu, 70%), and 
Basis brass (Cu, 63% ). The former has high 
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ductility and can be cold worked without frac- 
ture. It can be annealed at 500—600°. It is used 
wherever a highly ductile material is required 
for fabrication as in deep drawing. It is used in 
the manufacture of cartridge cases and radiator 
shells of complex shapes and for other industrial 
purposes. The 65/35 alloy is cheaper and possesses 
good cold working properties. Basis brass (Cu, 
63%; Zn, 37%) is a generally purpose alloy suit- 
able for forming operations. 

The addition to brass of lead up to 2/v confers 
good machining properties at the same time 
lowering ductility. Articles fabricated from such 
brasses take a good finish. Leaded brasses 
(Cu, 62*5^^^; Zn, 36%; and Pb, 1*5%) are used for 
engraving and machining (shearing, notching, 
etc.). Admiralty brass (Cu, 70; Zn, 29; and Pb, 
1%) has better corrosion-resistance than 70/30 
brass and is used for making condenser tubes. 
The 85/15 brass (Red brass) is also used for 
condenser tubes and cooling units generally. 

3t-)3 Brasses are specially suitable for hot 
working and casting. They are often mixed with 
other elements to form high tensile brasses. 
Yellow Metal (Cu, 60% ) is the most useful alloy 
of this group. It is used for hand-fabricated 
utensils. Finished yellow metal sheets have a 
rough surface due to hot working and they can- 
not be employed in the fabrication of highly 
polished products. Some yellow metals also con- 
tain small quantities of lead in part replacement 
of zinc. Naval brass (Cu, 62; Zn, 37; and Sn, 1%) 
is not particularly ductile in the cold state but it 
can be hot worked to form tubes, rods, and sec- 
tions; it has better corrosion resistance than 
60/40 brass. Leaded naval brass (Cu. 61; Sn, 1; 
Pb, 0-5— 2-0; and Zn, to make up 100) has a special 
application in stampings and forgings where 
machinability is a primary requirement. 

High tensile brasses, mainly manganese bronze 
and aluminium bronze, are generally prepared 
from 60/40 brass (a-/5 — group) by the addition of 
small quantities (i'-3%) of manganese, alumi- 
nium, tin, iron, and, occasionally, silicon, and 
nipkel. Manganese acts as a deoxidizer, enhances 
its value for casting and corrects the tendency 
to form large grains during crystallization. 
Aluminium increases the proportion of j5- 
constituents which decrease ductility and im- 
part higher strength and hardness to brass. 
Tin (0*5— 1-0%) enhances corrosive resistance, 
and iron improves forging properties and refines 
the structure. High tensile brasses are em- 
ployed for a wide range of castings from very 
large marine propellers, valve chests, pump 
castings, locomotive axle boxes, etc., to small die 


cast parts. High tensile brasses can be extruded. 
Manganese bronzes, which contain up to 2% 
manganese and low proportions of tin and other 
metals, are hard and strong with high resistance 
to corrosion by sea water. They are used ex- 
tensively for propellers, rudders, valve parts, and 
ships’ fittings. The addition of 3%; aluminium 
increases tensile strength in the cast state to 40 
tons/sq. in. and the Brinell hardness to 160, 
at the same time reducing elongation by 30 — 50'% 
(Wood, 264). 

The common gilding metals contain 80—90% 
copper. They have a golden colour, and they can 
be rolled at ordinary temperatures into thin 
sheets. They are used for imitation gold jewel- 
lery and decorative architectural work. They 
can be brazed and enamelled and possess better 
corrosion-resistance than brasses of lower copper 
content. Alloys containing less than 55% copper 
have only /8-constituents; they are used for 
brazing copper and nickel alloys. An alloy com- 
monly employed for this purpose contains equal 
parts of copper and zinc. 

Nickel silver, — Copper-zinc alloys containing 
comparatively large amounts of nickel are known 
as Nickel silver (formerly known as German 
silver). These alloys which are of considerable 
commercial importance are of two types, a and 
a-jS. The former contain: Cu, 55—65%-; Zn, 
13—27%'; Ni, 10— 30%», with iron, manganese, and 
lead as impurities, and are generally cold-worked. 
By increasing the nickel content, the colour 
progressively changes to silvery white and the 
corrosion-resisting property is greatly enhanced. 
There is little advantage, however, in increasing 
the nickel content beyond 18% , unless the alloy 
is specially required for decorative work. The 
most widely used alloys contain 15—18% Ni. 
The best a-j3 nickel silver contains: Cu, 45; Zn, 
45; and Ni, 10%>. It is used in the form of ex- 
truded sections for architectural and ornamental 
purposes on account of its silvery colour and good 
hot working properties. 

Nickel silvers are used mainly for cutlery and 
tableware, imitation jewellery, military badges, 
plumbing fixtures, architectural metal work, 
and fittings in automobiles, ships, and railways. 
They are also widely used for electro plated 
nickel silver (E.P.N.S.) ware. The 18% Ni 
alloy is valuable particularly for spinning opera- 
tions. Alloys having high electrical resistance 
arc used in the manufacture of rheostats and 
electrical instruments. 

Copper-tin Alloys . — Bronzes contain 2—18% tin 
together with small percentages of additives, e.g., 
zinc and phosphorus which confer special 
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properties on the resulting alloy. Tin increases 
hardness, strength, and ductility of copper. 
In concentration up to 6% tin forms solid 
solutions with copper and yields brass-like alloys. 
When the concentration exceeds 6%, a hetero- 
geneous structure is formed consisting of a 
matrix of bronze and a tin-rich phase which acts 
as a hardener. Two important bronzes are 
phosphor bronze (containing phosphorus) and 
gun metal (containing zinc). Small additions of 
nickel and lead modify the mechanical and corro- 
sion-resisting properties of bronzes. 

Phosphor bronzes containing: Cu, 82—94; Sn., 
4-75—13; P, 1 (maximum); and Pb, 3-4% 
(maximum). Alloys containing less than 7% tin 
and about 0-1% phosphorus contain both tin and 
phosphorus in solid solution and arc malleable, 
possess good corrosion-resistance and corrosion 
fatigue properties, and are suitable for cold 
working. They are used for making hair-springs 
for clocks, fuse-springs and electrical contact 
mechanisms where resilience, non-magnetic pro- 
perties, and corrosion-resistance are the proper- 
ties sought; they are used also for valve and pump 
spindles, boiler fittings, etc. Alloys containing 
10—13% tin and 0-3— 1*0% phosphorus contain a 
hard constituent, Cu^ P. Such alloys possess 
increased fluidity and are extensively used for 
ca.sting bearings and components which are 
required to endure heavy compressive loads, 
such as gun mounting rings, parts of moving 
bridges, and turn-table and rolling mill bearings 
(Alexander & Street, 139; With India, Pt. 1, 133). 

Gun metals. — Zinc hardens bronze and counter- 
acts the softening effect of lead added to facilitate 
machining. Gun metals arc cast with ease and 
are used chiefly in the form of pressure-resisting 
castings. The best known gun metal is the Ad- 
miralty gun metal (Cu, 88; Sn, 10; and Zn, 2%). 
It is fine-grained, has a pleasing colour, takes a 
high polish, and is harder and more corrosion- 
resisting than other gun metal alloys. It is wide- 
ly used for marine purposes, pump bodies, valves, 
and high pressure steam plants. Gun metals con- 
taining lower concentrations of tin and higher 
concentrations of zinc (Cu, 84—90; Sn, 4-8; 
Zn, 4—7; and Pb, 1—7%) and more ductile, easier 
to cast, and less porous (Wood, 267). They are 
frequently used as substitutes for Admiralty gun 
metal in order to economize the use of tin; the 
present most widely used alloys arc the 86/7/5/2 
and 85/5/5/5 gun metals. 

Bell metal (Cu, 80; and Sn, 20%) is used for 
fabricating machine parts. It is hard, brittle, 
and sonorous, and it is employed in making bells 
and gongs. A particular alloy (Cu, 78; and Sn, 
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22%) is extensively used, especially in Bengal, for 
making utensils. A type of gun metal, Bharan, 
is used for the manufacture of tumblers and cups. 
Other inferior types of gun metal used are Bela 
and Bharat (With India, Pt. 1, 169). 

Speculum metal contains Cu, 66; and Sn, 34%; 
other metals, e.g., arsenic, antimony, lead, and 
nickel may also be added. It can be polished 
and used as light reflectors. 

Leaded bronzes. — Copper-tin bronzes contain- 
ing 5—25% lead are known as leaded bronzes. 
Those, in which the plasticity increases with the 
increase in lead content, are of considerable im- 
portance for medium and low-duty bearings 
where some measure of plasticity is desired or 
where lubrication may be imperfect, or where the 
‘mating’ material is soft steel which is scored by 
harder materials (With India, Pt. 1, 133). Leaded 
bronzes containing 20 — 25% lead are known as 
plastic bronzes. 

Nickel brones. — Small quantities of nickel 
are sometimes added to bronzes and gun metals 
to minimize segregation of the components and 
improve the casting quality, especially of leaded 
bronzes. The well-known Ajax Plastic Bronze 
contains 1% nickel (Bureau of Information on 
Nickel, Some Applications of Nickel and Nickel 
Alloys H29, 18). When added to lead-free 
bronzes containing 0*25% manganese, nickel 
(5—10%) improves the physical properties and 
renders them suitable for heat treatment. Nickel 
bronzes are extensively used in marine engineer- 
ing. High nickel bronzes (over 10% Ni) possess 
excellent wearing and corrosion-resisting proper- 
ties and are extensively employed for fittings 
which come into contact with corrosive liquids. 

Antimony bronzes contain antimony as an 
essential constituent. One of these (Cu, 79; Ni, 
8; Pb, 10; Sn, 2; and Sb, 1%) is suitable for 
bearings and is said to have wearing qualities 
superior to leaded bronzes containing 10% tin 
and 10% lead. 

Silicon bronzes. — Copper alloys containing up 
to 4% silicon and less than 1% manganese, iron, 
zinc, aluminium and other elements arc known 
as silicon bronzes, though they do not contain 
tin. The best known among them are Everdur 
(U.S.A.) and P.M.G. metal (U.K.). They are 
suitable for hot and cold working, are com- 
parable to mild steel in strength, have excellent 
corrosion-resistance against acids, and possess 
good welding properties. They are useful for 
chemical plant construction. 

Copper-lead alloys containing 20—40% lead are 
used for bearings (With India, Pt. 1, 132). 
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Copper-aluminium alloys are known as alumi- 
nium bronzes though they do not contain tin. 
They may be grouped under 2 types: (1) contain- 
ing up to 9-8% aluminium (usually less than 
7-5%), forming a single solid solution, and (2) 
containing 9 11% aluminium. Alloys of the 
first type have considerable strength, high 
elongation, and can be readily cold worked to 
produce seamless tubes, strips and sheets, wires, 
etc., and annealed. They have excellent resis- 
tance to corrosion and to oxidation on heating. 
They are used in making condenser tubes, ships’ 
fittings, pickling crates, and as steel substitutes 
where non-magnetic properties and strength are 
required (Alexander & Street, 140). An alloy 
containing about 7/y aluminium is used for 
architectural decoration, and imitation gold 
articles are made from alloys containing 4—5% 
aluminium. Alloys of the second type have better 
corrosion resistance and are generally hot worked 
and used for a variety of engineering applica- 
tions, e.g., gears and bearings. An alloy contain- 
ing 10^1 aluminium is three times as strong as 
mild steel and tough. Alloys containing 9-5% 
aluminium arc suited for die casting. 

Copper-nickel alloys.— Copper and nickel 
alloy together in all proportions to form a con- 
tinuous series of solid solutions. Nickel imparts 
a white colour to the alloy and enhances the 
strength, hardness, and corrosion-resistance of 
copper. The alloys retain strength at high tem- 
peratures. They may be hot or cold worked and 
drop forged. An alloy containing 2% nickel is 
used for locomotive fire boxes and boiler tubes. 
Cupro-nickels containing about 20% nickel are 
white, ductile, and are eminently suitable for 
cold working. They are used for bullet envelope.s, 
condenser tubes, and decorative purposes. The 
75/25 alloy is used for coinage. The 70/30 alloy 
is used for condensers and cooling tubes and for 
marine and land power services. Alloys con- 
taining higher percentage of nickel (c. 45%) 
have high electrical resistance and low tempera- 
ture coefficient. Constantan, Eureka, and Ferry 
are among the alloys used in the form of wires in 
electrical industry. Similar alloys are employed 
for decorative and architectural purposes. 

In the higher nickel range, the most important 
and widely used alloy is Monel (Cu, 29; Ni, 68; Fe, 
!•; Mn, 1%; with smaller percentages of Si, 
S, and C), a natural alloy made by the Inter- 
national Nickel Corporation from the copper ores 
of Sudbury, Ontario (Canada). It is silver white 
in colour, highly ductile, and has a tensile strength 
and hardness approximately equal to that of 
steel, with the added advantage of being resistant 


to corrosion. It retains its strength even at fairly 
high temperatures and a high degree of resistance 
to fatigue under corrosive conditions. It can be 
cast, hot or cold worked, welded, soldered, and 
brazed. Monel can be hardened considerably 
by cold working. It is extensively used in sheet, 
rod, wire, and cast forms for containers, valves, 
pumps, centrifugal filters, pipe fittings, and 
many forms of equipment used in chemical, food, 
and textile industries. Of particular interest is 
its use for equipment exposed to sea water and 
high temperature steam. Aluminium and silicon 
are added to obtain modified monels such 
as K-Monel (3-5% Al), Monel-H (2-5-3-0% Si), 
and Monel-S (3-357^ Si). 

Copper-beryllium alloys. — The addition of 
1— 2*5%< beryllium to copper gives an alloy with 
high fatigue-, corrosion-, and wear-resisting 
properties, and good electrical conductivity. 
Cu-Bc alloys have a high tensile strength up to 
200,000 Ib./sq. in., comparable to that of tool 
steel, and a Brinell hardness up to 400 (Johnson, 
159). They arc used for springs, tools, surgical 
and dental instruments, watch parts, and welding 
electrodes. 

Copper-manganese alloys. — An alloy (Cu, 84; 
Mn, 12; and Ni, 4%), known as Manganin, is used 
as standard resistance in electrical instruments. 

Copper-cadrnium alloys. — For overhead trans- 
mission of electricity, copper containing c. 0-9% 
Cd is employed. Cadmium increases the tensile 
strength by 50% , the electrical conductivity being 
reduced by only 15% . It increases the fatigue 
resistance of copper, and this property is made 
use of in the manufacture of flexible telephone 
cords. 

The principal copper alloys and their composi- 
tions are given in Table 2. 

The Indian Copper Industry 

The Indian Copper Corporation Ltd. (I.C.C.), 
Ghatsila (Singhbhum), the only producer of 
copper in India, was established in 1924. A 
smelter was erected at Maubhandar, 6 miles from 
the Mosabani mines, and production of metal was 
started towards the close of 1928. In 1930, a 
rolling mill for the production of yellow metal 
sheets was installed. The factory was expanded 
in 1933 when the production capacity was raised 
by 50% (J. .sci. industr. Res., 1944-45, 3, 275). 

The I.C.C. utilizes chalcopyrite obtained from 
Mosabani and Badia mines adjoining each other, 
and another mine at Dhobani, a mile to the west 
of Mosabani. The total resources of copper ore 
in Bihar mine field were estimated in 1939 to be 
852,300 short tons with an average of 2-85% Cu. 
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TABLE 2,— PUINCIBAL COPPEK ALLOYS 


% Composition 



t 

Copper 

Tin 

Zinc 

Iron Niokel 

- - - . — ^ 

Dthor olomonts 

Brunzo 

76-90 

26*10 




Phoaplior bronze 

86 

13 



P, 0*25 

Munganoao bronze 

69 

1 

up to 40 


Mn, 0*3 

Aluminium bronze 

81-6-90 

0-0-6 


0-6 

AJ. 7-12 

Silicon bronze 

96-98 

2-6 



Si. 2-6 

Brass 

00-70 


40-30 



Dutch rnotal 

80 


20 



Bell metal 

80 

20 




Speculum mota] 

00-68 

34-32 




Oun meUil 

87 

10 

3 



(Heriiian silver 

26-60 


35-26 

36-10 


Delta metal 

60 


38-2 

1-8 



Monol inotol 27 2-3 08 

Constantun 60 40 

Indian copptjr coinage* 

Pico 97 

|[-annn, 1 anna, and 
2 annus (cupro nickel) 76 

•Total amount of coiipor used in Indian Coinage in 1948, 460 tons. 

The ore treated during 1929-45 contained 2*214% (frother), potassium ethyl xanthate (collector), 
Cu. and Calgon and soda ash (diffusion agents), when 

The I.C.C. employs a total of 8,000 persons of over 97% of the copper is recovered as concen- 

whom 5,500 arc employed in the mines and in the trate carrying approximately 27—28% Cu. The 

workshops at Mosabani and 2,500 arc engaged in tailings are pumped away and settled on adjoin- 

the reduction works and rolling mills at ing waste land. The concentrate is thickened in 

Maubhandar. Dorr thickeners, filtered in Oliver filters and dried 

The ore is crushed at the mines in a Blake on Lowden dryers. The dried concentrate, con- 

Crusher to 4-3 in. The crushed material is passed taining approximately 5-5— 6-5% water, is smelt- 

over Gyrex vibrating 3/8 in. screens, the waste ed at 1,200 — 1,500^ in a reverberatory furnace 

rock from the oversize being removed by hand (daily capacity, 250 tons) and the matte (40—42% 

picking. The picked ore is further crushed in a Cu) produced is treated in a converter with air 

Symons Cone Crusher and the crushed product blown at a pressure of 44 Ib./sq. in., to give 

(70% passing through 3/8 in. screen) and screen blister copper. As the capacity of the concentra- 

undersizo are taken on a belt conveyor to storage tion plant is higher than the smelting furnace, 

bins whence they are transported to Maubhandar the excess concentrate is sometimes roasted in a 

for smelting. A typical screen analysis of the Herreshoff furnace and the calcine added to the 

crushed ore gave the following values: 4-1 in., smelting charge. - This raises the grade of the 

0*6; 4-i in., 16*9; -f3/8 in., 19*4; 4-J in., 19*8; and matte and helps in increasing the production of 

- i in., 43*3%. The ore is ground in Hardinge blister copper (Barry, Trans. Indian Inst. Metals, 

ball mills with Dorr Classifiers in closed circuit 1949, 3, 333). Blister copper (97*5% Cu) is firc- 

to the requisite degree of fineness (c. 47% on refined and cast into ingots of 28 lb. each (BS or 

200-mesh). Quicklime is added to the feed of the Best Select copper, assaying 99-2— 99-6% Cu). 

Hardinge mills as depressant of pyritc and pH The slag obtained during converting and refining 

regulator. The pulp is concentrated in pneumatic is returned to the smelting furnace, 

froth flotation cells with additions of pine oil All the furnaces are fired by pulverized coal. 
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Fig. 57. — Manufacture of copper — flow sheet. 









Fig. 58. — Extrusion of brass rods 
No electrolytic refining is carried out by Iho 
I.C.C. as the ore is reported to contain no precious 
metals. 

The production of secondary copper was deve- 
loped in India during World War 11. In the 
years preceding 1989, the bulk of brass, bronze, 
and other alloy scrap was being exported, the 
total quantity exported during 1937 being 1,000 
tons; only a small quantity was refined. The 
secondary copper industry is located mainly in 
Calcutta and Bombay; smaller units are operated 
in Jaipur, Meerut, Mirzapur, and Madras. The 
scrap is collected from diffeient sources (discard- 
ed gun metals, brass and bronze machine parts 
and fittings, bell metal radiators, scrap from motor 
cars, copper wire and cable-scrap, copper clad 
steel, bimetal scrap, domestic utensils, copper 
bearing foundry ashes and drosses) and is usually 
mixed before selling for processing. The annual 
collection of scrap dome.stic utensils made of 
copper and brass is estimated to be 30,000 tons 
(Mitter, loc. cit.). The Non-ferrous Metals Panel 
has recommended that for the progress of the 
secondary metal industry it is essential to classify 
scraps and scrap dealers should be trained in the 
techniques of segregating and grading of scraps 
(Rep. Panel, 

A part of the scrap, such as broken utensils, 
is utilized by bra.ss and bell metal workers 
on a cottage industry basis. The scrap is melted 
in clay pots heated by charcoal fires, and the 
molten metal is poured into clay moulds, the in- 
gots so produced being subsequently used. 

Coke-fired pot furnaces used for melting brass 
have been superseded by low-frequency electric 
induction furnaces. The smaller units, however, 
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still continue to use pot furnaces and gas or oil 
fired tilting furnaces. 

Fabrication.— Copper and brass rods and bars 
are made by hot and cold rolling and drawing, 
and also by extrusion at the Katni Ordnance 
Factory. Arsenical copper rods for railways arc 
manufactured only by the Jaipur Metal Indus^ 
tries. Black copper rods (I in. — 3 in. diam.) are 
manufactured by the National Rolling Mills, 
Calcutta, a subsidiary of the National Cables Ltd., 
by hot rolling of imported HC wire bars (4 in. x 
4 in. x48 in.); they are used for the manufacture 
of cables. Phosphor bronze rods and sections are 
produced in small quantities as the demand for 
them is limited. 

Only a small quantity of copper sheets and 
circles arc produced by hot rolling. 10 -21 
S.W.G. sheets are made by the I.C.C. A small 
amount of coiled rolled sheets and circles is also 
produced. 

60/40 hot-rolled brass sheets, 4 ft. x4 ft., 10—22 
S.W.G. and brass circles of large diameter, re- 
quired for the manufacture of utensils, are pro- 
duced by the I.C.C. Sheets 2 ft. wide are pro- 
duced by the smaller rolling mills. The quantity 
of cold-rolled brass sheets produced is, however, 
small. Small quantities of brass strips in 
coils are also produced, and the demand, 
especially for 70/30 and 65/35 qualities, appears 
to be considerable. Leaded brass sheets (60/40) 
containing l*25/{) lead arc also manufactured 
for use in tube-well strainers. Phosphor bronze 
and nickel silver sheets are not produced at 
present. Seamless copper and brass tubes, up to 

in. outside diam., are produced by the 
National Pipes and Tubes Co. Ltd., Calcutta. 

Brass wires for wire-netting and engineering 
purposes arc being produced in India since 
1941-42. Electrolytic copper wire is produced by 


'rABLK 

Cost of piMxliicI ion r.xmlod ro.st* 



(por 

cwt.) 

(por 

C\Kt.) 


Rs. 

ii. 

Rh. 

a. 

Chopper 

r>.3 

7 

00 

0 

BniHs irioot s 


0 

40 

11 

Oiiii rnotui (Cu, 8S; Sii, 

10; Zn, & 2%) 

100 

12 

75 

0 

CJiin rnotnl (Cn. S."!; Sn, 

5; Zn, iT; Vh, ri%) 

01 

4 

0.1 

0 

Brus>=« »lirot 

10.5 

0 

84 

15 

Ai*fH»nk*»d c'oppor rod» 

120 

0 

05 

0 


♦oxc lwdinjr duty 
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Indian Cable Co., and since 1943, by the National 
Insulated Cable Co. of India. 

Table 3 gives the cost of production and landed 
cost of copper and brass (Indian TarilT Bd, Rep. 
Non-ferrous Metal Industries, 1946, 15, 22). 

Production and Trade 

U.S.A. is the biggest producer of copper in the 
world. Chile comes second. Other important 
producers are Northern Rhodesia, Canada, and 
Belgian Congo. Since World War I, Chile, South 
America, Africa, and Canada have steadily in- 
creased their outputs. 

Table 4 gives the world production and con- 
sumption of copper during the year 1947. 


TABLK 4. -PRODUCTION A CONSUMPTION in 1047* 
(in 1,000 Hhort tons) 



Produotion 
(Smelter boHis) 

Country 

Consumption 

U.S.A. 

L073t 

U.S.A. 

1,383 

Ghilo 

450 

United Kingdom 392 

Rhodosia 

218 

Franco 

128 

Canaria 

199 

Canada 

109 

Belgian Congo 

100 

Sweden 

72 

Mexico 

62 

Belgium 

07 

South Africa 

32 

Switzerland 

26 

Other Amoricaa 

20 

Australia 

23 

AuHtralia 

10 

India 

21 

Iniiia 

0 

Netherlands 

11 



Denmark 

4 

Total 

2,241 


2,236 


Market Rev., 1949, 1 (25), 118. 
flnolndos 113,600 short tons from scrap 


In 1948, U.S.A. produced 980,498 tons of crude 
copper and 1,233,697 tons of refined copper; 
the corresponding production during 1949 was 
907,652 tons and 1,056,463 tons. The total pro- 
duction outside U.S.A. was: 1,271,884 tons of 
crude copper and 1,072,229 tons of refined copper 
during 1948, and 1,270,433 tons of crude copper 
and 1,076,114 tons of refined copper in 1949 
[Metal Market Rev., 1950, 3 (2), 4]. 

U.S.A. is the largest consumer of copper. The 
consumption under various heads in 1939 was as 
follows: electrical manufactures, 23-1; telegraph 
and telephone, 4-87; light and power lines, 8*36; 
other wires, 11-86; automobiles, 10-61; buildings, 

22*36; and manufactures for export, 6*48% 
(Roush, 187). 


TABLE Ti.— OUTPUT OF COPPER & YELLOW METAL 
(I.C.C.) 

Oro miiltxl Rofitiod eoppor Yollow motal 



(Tons) 

(Tons) 

(Tons) 

1929 ^1933 (av.) 

1.37,090 

3,184 

3,188 

1934-^1938 (av.) 

297,991 

6,512 

8,017 

1939-^1943 (av.) 

34.3,910 

0,230 

8,654 

1944 

300,718 

5,730 

0,081 

1045 

.308,791 

6,000 

7,87.3 

1040 

.329,005 

0,311 

8.441 

1947 

305,087 

5,931 

9,507 

1948 

309,109 

5.803 

9,50.3 

1919 

310,066 

0,390 

9,919 

♦ The output of rofinod copper 
of 1950 was 5,392 tons. 

for the first ten months 


TABLE 0.— PRODUCTION OF COPPER PRODUCTS (IN TONS) DURING 1040* 


Ingots, slabs, 
billots, etc. 

Shoots and 
strips 

Discs and 
circles 

Rods and 
bars 

Wire 

Copper alloys 
other than 
brass 

Domes- 
tic utensils 

Olhor oo])per 
products 

West Bengal 0l7 


, . 

8,980 

2,247 


1 

743 

Bombay (including 

Baroda) 1 1 

1,623 

, , 

143 

0 

763 

102 

120 

U. P. 


37 




16 

30 

East Punjab. . 

2 

94 


•• 


24 

• • 

Madras, Bihar, C.P. & 

Borar, Delhi & Jaipur 584 

12 

132 


28 

43 

32 

308 

Total 1.212 

1,637 

263 

9,131 

2,281 

796 

205 

1,207 


•Second ConHiis of Monufacturon Indii — 1947, 1950, II, 690. West Bengal proUuood 17,38,000 yds. of cable. 
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TABLE 7.— PRODUCTION OF BRASS PRODUCTS (IN TONS) DURING 1947* 



Ingots 

Sheets 

luid 

strips 

Discs 

and 

circles 

Rods 

and 

bars 

Wire 

Domestic 

utensils 

Other 

brass 

products 

West Bengal 

667 

122 

184 

17 

16 

67 

271 

Bombay (including 

762 

1,607 

620 

254 

06 

3,766 

689 

Bai^oda) 

U. P. 

10 


122 

• • 


129 

117 

East Punjab 


7 

342 


. . 

793 

106 

Madras. Bihar, 

C. P. & Berar, 

Delhi, & Jaipur 

470 

9,605 

234 

648 


533 

43 

Total 

1,799 

11,301 

1.402 

911) 

Ill 

5,267 

1,126 


•Second Censua of Monuftwfnres India — 1947, 19f!0, II, B97 


TABLE 8. -PRODUCTION OF OTHER COPPER ALLOYS* 



Boll mot a] 
ingots 

Gun metal 

Oertnan Hilv«*r 
ingots 


(ton.s) 

(tons) 

(tons) 

West Bengal 

93 

381 


Bombay (including 

8 

.672 


Baroda) 

U. P. 

East Punjab 




Madras, Bihar. 0. P. 

& Berar, Delhi 


802 


& Jaipur 

Total 

121 

1,7.55 



♦Second CcnHiis of MonufucturcH, India — 1947, 1950, II, 691. 


The installed capacity of the I.C.C. is 7,000 tons 
of copper per year. Table 5 gives the quantity 
of copper ore milled and the quantities of refined 
copper and yellow metal produced by the I.C.C. 
since the beginning of their operations in 1929. 

Out of 9,919 tons of yellow metal produced in 
1949, 9,227 tons were sheets and 692 tons were 
circles. 

Tables 6, 7, and 8 give the quantities of copper 
and copper alloys offered for sale in India during 
1947; these figures are indicative of the actual 
production. 

The indigenous production of copper in India 
is about 15% of the total requirements, now 
estimated at about 35,000 tons per annum. The 
requirements are expected to increase when other 
industries, e.g., manufacture of radio transmitters, 
heavy electrical equipment, cables, etc., are set 
up within the country [Metal Market Rev., 1950, 
2 ( 22 ), 6 ]. 

The Tariff Board estimated the total annual 


TABLE 9.- ANNliALPRODUtmON AND REQUIREMENT 
OF COPPER AND BRASS MANUFACTURES* 



Requiroinont 

(tons) 

prnduotion 

oapacity 

(ti>nH) 

Brass & copper sheets, 
circles A strifes 

40,000—60.000 

15,000 

Coiipor and brass rods 
(<ithor than black cof)- 
per rods) 

3,000 

5,000 

Arsenical copper rods 

600 

1,000 

Black copper rods 

10,000 

30,000 

Copper and brass tubes 

1,000 

100 

Copper & brass wires 
(for juirp<*HoS other 
than electrical) 

2.000 

4,000 

Bare copper (oloctndytic 

10,000 

24,000 


wiro) 

♦Iruliaii Tariff B.i, Rop., 20. 21, 28. 

requirements of copper for the next few years at 

70.000 tons comprising: electrolytic copper, 

10.000 tons; copper for alloys other than brass, 

20.000 tons; and semi-manufactures of brass and 
copper, 40,000 tons (Indian Tariff Bd, Rep., 5). 
The production is estimated at 7,000 tons per 
annum by the I.C.C. and 5,000 tons per annum 
from scrap. There is thus a deficit of 58,000 tons 
of copper, both fire-refined and electrolytic. The 
annual requirement of yellow metal has been esti- 
mated at 96,500 tons, including 15,000 tons for gun 
metal, bronze, and bell metal. The Indian pro- 
duction capacity is estimated at 1,00,000 tons per 
annum and is likely to bo raised to 1,30,000 tons in 
the near future with the Installation of electric 
furnaces (Indian Tariff Bd, Rep., 13, 15). Table 9 
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TA13LK lO.-^lMPOFiTS OF rOPPKJi AND (JOPPPIR TRODUC^VS 
Qty. (1,0(H) fcoh-s.) and Val (lakh Ks.) 



mtjSo- 
1938/39 (av.) 

1939/40- 
1943/44 (av.) 

1944/4.1- 
1940/47 (av.) 

1947- tS 

1948-49 


1949-.10 



^ — , 



JL 

A 


X 




Unwrought 

gty. 

Val. 

(Jiy. 

^ 

Val. 

Qty. 

Vnl. gty. 

i 

; 

. 

1 

Val, 



Qty. 

Val. 

Tiles, ingots, eakes, 
bricks, and . slabs 

34* <14 

11*44 

.10*9.1 

22* 1.1 

174-05* 

95 -SO* 

185*17 

141-07 

.155*87 

481*77 

440*75 

400*51 

Other sorts 

0- 14 

012 

39*32 

15* 45 

18-OOt 

9 70f 

95*00 

84 -.17 

81-42 

74-33 

134*00 

139 95 

Wrought 













Bra/.iors 

0-38 

0*11 

O' 01 

0-01 





0-05 

0-08 



Roils 

011*94 

21*20 

149*04 

75*70 

117.77 

59*75 

0*47 

0*45 

0*<)« 

0-03 

0*13 

0-18 

Sheets 

191*01 

01*9.8 

29*20 

10*02 

<18*07 

.15*03 

10.1*44 

104*91 

39*17 

51-22 

12*27 

10*31 

Tubes 

418 

2*01 

3-83 

3* 17 

2* 2s 

2 .18 

D9l 

3 *<50 

5*84 

7*99 

3*39 

5*99 

Wires (exeludiiig 
Telegraph & 
Telephone) 

9*24 

3*72 

0*37 

4*37 

1*00 

1 * 38 

1*40 

1*37 

0*95 

1*30 

0*21 

0*37 

Other sorts 

11*21 

5*73 

14*78 

7*79 

123*04 

<50 • 12 

12*98 

14*42 

31*34 

20*83 

8*09 

10*05 

01(1 copper for re* 
manufacture. 

501 

1*47 

7*74 

2*83 

20*00 

12 09 

42*83 

25*01 

140*20 

107-74 

89*41 

<i0*50 

Total 

323*04 

107*78 

301-84 

1 48 -.38 

5.*12 07 

297*44 

445-28 

379*00 

801*49 

751*97 

088 • 2.1 

0424.0 


Average for 2 yrs. only. 

t for 1940- -47 only. 








TABLK 11- 

-IMfOItTS Ol-' JJKA.SS, OUONZK. AVD 
gty. tuns) mill Viil. (Itikli Ks.) 

SlMTLAIl 

ALLOYS 




1934/3.1- 1939/40 19I4'4.1- 1917 IS 1918^^49 .1949 50 

1938/39 (ttv.) 1943/44 (av,) I940;47 



Qty. 

/V ^ 

Val. 

Qty. 

— > 

Val, 

Qt.V. 

Val. 

/ 

Qty. 

Val. 

Qty. 

8 , 

\'al. 

^Qtv. 

A- 

Val. 

Un wrought: 

1-52 

0*41 

0*44 

0-14 

101-89 

48-09 

39-92 

22.01 

1*04 

0-.18 

Ill 

0-58 

VV>ought : 













Yellow metal 
Sheets 

282-94 

70*27 

.30-88 

11-92 

155- 77* 

109- 98* 

159*33 

148-19 

70*22 

88-28 

4 <1.3 

5*57 

Yellow metal 
(;ir<!los 

44-92 

13*90 

4-34 

2-23 



030 

0-20 

2 ■ 00 

2-01 



Rods 

5*051 

0*70 

14-.19 

8 -.82 

17-59 

9-29 

.1 74 

4 -.39 

8*51 

9-09 

8 -.30 

7 00 

Slieots 

3*13 

1-10 

1-37 

0-82 

10-70 

11-99 

1*30 

4-85 

1<U 

2-29 

19*08 

9-91 

Tubes 

4-04 

1*85 

1*70 

1*09 

3 04 

3-48 

4*97 

0-22 

2-90 

5-11 

5-85 

9-75 

Wire 

7*08 

2*82 

4-80 

3 43 

1-95 

2-24 

0-57 

0.84 

0-88 

1-().1 

5*95 

0-94 

Wood serows 

1*40 

1*31 

1*18 

1*77 

1*51 

2-02 

0-87 

2-89 

0-70 

3-00 

0-82 

3-05 

Other sorts. 

30-97 

13*52 

20-00 

13*02 

84*77 

44-88 

107-94 

05-21 

223-08 

145-03 

251-14 

103-95 

Total 

402*08 

118-93 

79-42 

43*85 

380-22 

223. 57 

32.3 03 

256-49 

317-00 

2.18.24 

297-51 

207-39 


♦ Average for 2 years only 
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TABLE 12— IMPORTS OF GERMAN' SILVER 
(including nickel eilvor) 



Qty. 

(1,000 cwt.) 

Valuo 
(lukh Rs.) 

1934/35— 1938/3S (av.l 

20-10 

1414 

1939/40—1943/44 (av.) 

10-57 

4-05 

1044-45 

negligiblo 

nogligiblo 

■945-46 

0-02 

0-02 

1040-47 

14-69 

11-22 

1947-48 

27-30 

21-67 

1948-49 

38-72 

109-00 

1649-69 

44*40 

84-59 


gives the annual requirements and production 
capacity for various copper manufactures in India. 

Imports. — ^Tables 10, 11 and 12 give the imports. 

In the pre-war period (quinquennium ending 
1938-39) copper products were imported from the 
following countries, the figures within brackets 
being their percentage shares in the imports: 
unxorought copper. — Portuguese E. Africa (41 -9), 
South Africa (21-5), U.S.A. (19-2), and U.K. (13-4); 
braziers. — Germany (100); copper rods. — U.S.A. 
(49-8), Japan (40-7), U.K. (5-8) and Germany 
(2-4); copper sheets. — U.K. (43-6), Germany (41-4), 
and U.S.A. (11-8); copper tubes. — Germany (63-5), 
U.K. (16-3), and Japan (15-2); copper wire (ex- 
cluding telegraph and telephone wires). — Japan 
(45-8), Germany (29-6), and U.K. (22-1). Taking 
all the items together, U.K., Germany, U.S.A., 
and Japan were the principal countries 


COPPER 

from which India imported copper, their respec- 
tive shares being: 30-6, 27-5, 19-2, and 12-0%. 

In the quinquennium ending 1938-39, Germany, 
U.K., and Japan were the main suppliers of brass, 
bronze, and other copper alloys to India, their 
respective shares in the total imports being 47-5, 
29-0, and 20-8%. In the same period the per- 
centages shares of the different countries in the 
imports of various products were: rods.— Japan, 
41-9, U.K., 19-9; sheets. — Germany, 73-2; U.K., 
13*1; tubes. — Germany, 61-9; Japan, 17-2; U.K., 
7-9; mires.— Japan, 64-5; Germany, 24-3; U.K., 
9-9; mood screws. — Belgium, 371; U.K., 31-3; 
Japan, 24-8; unmroupht.— U.K., 71 -1; Germany, 
19-7. The corresponding figures for yellow metal 
sheets and circles are not available. Imports of 
circles stopped during World War II and prior to 
the War, Japan and Germany shared equally in 
the imports. 

During the quinquennium ending 1938-39, the 
imports of German and nickel silver were distri- 
buted as follows: Germany (28- 1%), U.K. 
(25-5%), Japan (15-2%). Italy (12-1'/;), and 
Australia (ll-l'/r). During World War II, these 
alloys were obtained mainly from U.K. and U.S.A. 

Exports. — Small quantities of copper and 
copper alloys are exported from India. Tabic 13 
gives the exports of wrought copper, brass, bronze, 
and other alloys. 

There is no duty on imports of copper scrap 
and unwrought copper including electrolytic wire 
bars into India. Imports of all other copper pro- 
ducts are subject to protective duties at the rates 
given in Table 14. 


TABLE 13.— EXPORTS OF WROUGHT COPPER. BRASS. BRONZE, AND OTHER ALLOYS 

Coppor Brass, bronzo, and otlior alloys 


Qty. 

(l,0U0 cwt.) 


1943/35—1938/39 (av.) 

112-01 

1939/40—1943/44 (av.) 

l-ll 

1944-45 

0-08 

1945-46 

0-10 

1916-47 

3*47 

1947-48 

0-34 

1948-49 

0-57 

1949-50 

1-55 


Valuo 
(lakh Rh.) 

Qty. 

(1,000 cwt.) 

Valuo 
(lakh Br.) 

14-43 

12-86 

6-76 

1-32 

6-42 

6-24 

0-26 

5-99 

43 11 

0-14 

3-77 

17-61 

1-09 

0-42 

1-82 

0-46 

3-07 

3-74 

1-30 

5-06 

6-21 

3-19 

8-35 

15-42 
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TABLE 14. IMPORT DUTY ON COPPER 

manufactures 

Duty 

(ad valorem) 

Copper rods othor than eloctrolytio 35% on British manuf.; 

Copper rod. 45% on others. 

Eloctrolytio (joppor rods (or black 20% on British rnaniif.; 

copper rods) in coils 30% on others. 

Other copper manufactures 24% on British manuf.; 

36% on otliers. 

Brass, unwrought 10% 

Brass wires and rods 36% 

Yellow metal other than brass (such 
as gun metal, bronze, boll metal, 

I^hosphor bronze, and manufactures) 30% 

Other brass manufjioturos 30% 

German silver, nickel sih-or, and 

cupro-nickel 30% 

Electrolytic copper wire 30% 

COPPER COMPOUNDS 

Copper forms two series of salts, cuprous salts 
and cupric salts. The latter are the more im- 
portant, but numerous chemical applications 
depend on the transformation of one series of 
salts to the other, i.e., on the change in the 
valency of copper. Nearly all copper salts are 
coloured, soluble in water, and poisonous. 

Copper acetate 

Normal copper acetate, Cu(CH3C00)2*H20 is 
prepared by dissolving cupric oxide or verdigris 
in acetic acid, or by the action of copper sulphate 
on the acetates of lead, calcium, or barium. It 
is a bluish-green, efflorescent, crystalline sub- 
stance [sp. gr., 1-9; m.p., 240“ (decom.)], 1 part 
of which is soluble rn 20 parts of cold water, 
5 parts of boiling water, 25 parts of alcohol, and 
10 parts of glycerine. It is used in the manufac- 
ture of pigments. 

Under the name Crystals of Venus, copper 
acetate was used in therapy as astringent, caustic, 
and fungicide. It has now passed almost com- 
pletely out of medicinal use (U.S.D., 1412). 

Copper acetate was prepared and market- 
ed in small quantities in pre-war years by Messrs. 
field Research Station, Lahore. 

Basic copper acetate or verdigris is made in 
France by immersing copper plates in marcs or 
residues of grapes from wine manufacture, which 
have undergone spontaneous acetic fermentation. 
The plates coated with verdigris are taken out, 
exposed to air for 2- 3 days, and the coating 
scraped off. The plates are again returned to 
the fermenting mass. This procedure is repeated 
until all the copper is acted upon. The verdigris 
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is kneaded into cakes in leather bags and dried. 
The product, consisting principally of basic 
acetate Cu20(CH3C00)2, is a greenish blue 
powder with faint acetic odour, partly soluble 
in water, and soluble in dilute acids and ammo- 
nia. It is used in the manufacture of Paris Green 
and other pigments, as insecticide and fungicide, 
in dyeing and printing textile fabrics, and in 
the preparation of gilder’s wax. It is used as a 
dusting powder, ointment, and plaster, particu- 
larly for corns and insufflation in pulmonary 
tuberculosis. It is now chiefly used in veterinary 
medicine for proliferations. It is an ingredient 
of catalytic preparations. 

Copper aceto-arsenite.— Paris Green, Imperial 
Green, Schweinfurt’s Green, Vienna Green, 
Mitis Green. 

Paris Green, 3 CuOAs^Oa* Cu(CH COO)^, is 
manufactured by mixing aq. solutions of arsenious 
oxide and verdigris, boiling the mixture, and 
adding acetic acid. It is also obtained by mixing 
a hot solution of white arsenic in sodium carbo- 
nate with the calculated quantity of copper 
sulphate solution. It is a micro-crystalline, 
emerald green powder, soluble in ammonia and 
acids, but insoluble in water. The commercial 
product contains 53—55% arsenic as As^O^ , with 
soluble arsenic below 3%. 

It is extensively employed as larvicide as it 
fulfils more closely the requirements of an ano- 
pheles larvicide than any other known prepara- 
tion. For use, it is diluted (to contain 1- 5% of 
the substance) with road dust, powdered soap- 
stone, fine sand, etc., and dusted over ditches, 
.small streams, irrigation channels, etc., by hand 
or by rotary blowers. 

A large part of the Paris green, required for 
anti-malarial purposes, is imported into this 
country. The principal manufacturers in India 
are Messrs. Smith Stanistreet and Co., Ltd., 
Calcutta. The target of production in India has 
been fixed at 5,000 tons to be reached by 1957 
(Rep. Panel, Chemicals, Drugs and Pharmaceuti- 
cals, 1947, 12). 

Copper arsenate 

Copper arsenate is employed as insecticide. 
The methods now used in its preparation yield 
an impure product. An electrolytic process for 
its preparation has been recently developed 
(Singh & Sivaramakrishnan, J. Indiayi chem. 
Soc., 1950, 27, 9). 

Basic copper arsenate, Cu (CUOHASO4) is 
reported to be an effective and stable insecticide 
(Frear, 30), 



Copper arsenite 

Two coppur arst.*nilfs are known, the ortho- 
ai senile or Scheele's Green, and the meto-ars('nite. 
Selu’ele's gi een. 3CiiO.As ()., • x H^O, is produced 
by mixini’ a 2% solution oT copper sulphate with 
a solution ot arsenious oxide in soda asli solu- 
tion, and adding a dilute solution of caustic soda 
whil(» stil ling until all the coppi'r is precipitated. 
The pri'cipitate is washed, lilter-pressed, and 
dried at about .Sf) . Hy varying the relative 
proportions »)[ arsenious acid and alkali, greens 
of varying tones — from pale to dark green can 
be obtained. Sclu'ele's green was formerly used 
largely for calico printing and for colouring wall 
papcMs. It was also used as an intestinal antisep- 
tic. It is now employed as a wood preservative 

Copper me/a-arsivht(', CuAs^O.,. is prepared 
from sciap copper and w'hite arsenic. Copper 
.scrap is dissolvi'd in ammonium chloride and 
the solution mixed with ars(‘nious acid to precipi- 
tate' /ae/.(z-arsenil('. The precipitate is filtered, 
washed, and spray dried. The ammonium chlo- 
l ide is recycU'd. A pilot plant for inchi-ar.senife* 
manuraclure w'as operated for the* first time in 
IJ.S.A. in 11^31) (Miller, Industr. Engng Chem.. 
U)4V, 39, Ceipper inefa-arsenite is cheaper 

and more eU'eclive than Paris gieen as me)sc|uito 
lai vicide*. 

Copper carbonate 

Basic copper caibonates, occur in nature as 
Malachite, CuCO;,‘Cu(01 1 )».and A'/urite, 2CuCO n* 
Cu (Oil).,. Ikisic copper carbonate, Cu (OH)-,* 
CuCO.j* is obtainc’d as a precipitate wlien 

a solution of soluble carbonate is added to a 
seiluliein »)f a siduble cupiic salt. Normal copper 
carbejnate' has ne)t be‘en piCpared. 

Basic copper carbonate is a dark green to blue 
pow’der se^uble in dilute acids or ammonia and 
insoluble in walei- and ale-ohol. It is used as a 
pigment and drier in oil-boiling, as insecticide, 
and in pyrotechnics. It has been used m medi- 
cine as an antidote for phosphorus poisoning, eis 
an i‘xt(‘rnal application in tin* form of ointment 
(containing 10 20% salt), and as an astringent 

in the place of sulphate (U.S.I)., 1412). Malachite 
is widely list'd in the treatmt'nt of seeds, particu- 
larly w’heat, for the control of bunt, Tillctia tritici 
(P^rear, 105). 

Copper chloride 

Like otlier salts of copper, copper chloride 
exists in two foirns, cuprous chloride and cupric 
chloride. Cuprous chloride, Cu.^ Cl -stsp. gr., 3-53; 
m.p., 422 ), is prepared by boiling cupric chloride 
with hydrochloric acid and copper turnings. On 
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addition of water, it is precipitated as white 
crystals. The hydrochloric acid solution of cup- 
rous chloridt*, when t'xposed to air, absorbs 
oxygen and acquires a brownish colour, subse- 
quently depositing a pale bluish grt'en insoluble 
coppi*!' oxychloride, CuCl.j- 3Cu(OTI) .2 An identi- 
cal substance. Brunswick Green, is prepared 
by boiling a solution of copper sulphate with a 
small quantity of bleaching powder solution or 
by exposing (*opper turnings moistened wdth 
hydrochloric acid to air. 

Cuprous oxychloride is reported to be more 
germicidal in its action than copper sulphate. 

Cupric chloride, CuCl.^, may be obtained as a 
fused bufT-coloured anhydrous mass by heating 
coppt*r in a strc'am of chlorine*. It may be pre- 
pared by dissolving the oxide in hydrochloric 
acid. It crystallizes in grass-green prisms or 
ni'edles containing 2 mol. of water. CuClo' 2H oO 
(sp. gr., 2-47), which turn pale blue when dried 
iti vacuo. It is t‘Xtri*m(*ly soluble in water. 
The anhvdrous form is yellow^ (sp. gr., 3-054; rn.p., 

m ). * 

Cupi ic chloride is used as an oxidizing agent, a 
catalyst (Di'acon chlorine* process), and a mordant 
in dyeing and printing ti'xtik* fabrics. It is em- 
ployed in disinfi’ction, in pyrotechnics, and in 
metallurgy. It is occasionally used in medicine as 
a substitute for copper sulphate for its astringent 
and antiseptic properties. 

Copper naphtlienate 

Copper naphth(’nate is madi* by adding screen- 
eiJ coppei' acetate, copper hydroxide, or copper 
carbonate in calculated quantities to distilled 
naphthenic acids heated to 300 F., the rate of 
addition being controlled to keep foaming at a 
minimum. When all the water is removed, the 
pioduct is ready for packing. Another method is 
based on precipitating the soluble sodium naph- 
tlienate soaps with a solution of copper sulphate 
(Davidsohn, Industr. CJictu., 1950. 2(), 335). 

Cop})er naphlhenate, a dark green or emerald 
green .substance (sp. gr.. 1-010 1-132; Cu content 

in commcicial pi ('pai atit)ns. 3 — 11%), is used as a 
fungicide in the preservative treatment of timber, 
tarpaulins, ropes, etc. During World War II, 
copper naphthenate was extensivt'ly employed in 
the treatment of tarpaulins, ropes, sand bags, and 
w’ooden boats. It does not product* dermatitis, 
can be applied in the form of paint when dis- 
solved in petroleum solvent, a.ul is free from 
objectionabli* odour. TIk* cost of treatment is 
compaiable to that of pentachlorophenol which 
is now list'd for the same purpose. Because of 

103 



COPPER CO^OUNDS _ 

its superior fungicidal activity, it is being increas- 
ingly used in conjunction with creosote in the 
treatment of timber {hidusir, Engng Cheni., 1949, 
41 , 2087). Among the minor uses may be men- 
tioned its application as a stabilizer for gasoline, 
lubricating oils and transformer oils, and plastics, 
and as a termite-proofing agent in building cons- 
truction (Gregory, II, 86 ). 

Copper nitrate 

Copper nitrate, Cu{N 03 ) 2 - 3 ll 20 , is obtained by 
dissolving copper oxide or carbonate in nitric 
acid and evaporating the solution. It is produced 
in India by Messrs. Sambhu Nath and Sons, 
Amritsar. It is a dark blue crystalline product 
containing 3 mol. of water (m.p., It boils 

at 170' evolving nitric acid fumes and forming 
a green basic salt, which on further heating gives 
oil nitrogen peroxide, oxygen, and water, leaving 
a residue of copper oxide. Hydrated crystals con- 
taining 9 mol. of water are obtained at low tem- 
peratures, — 20 '' to — 24^ while crystals contain- 
ing 6 mol. of water are obtained between — 20 '* 
and 4-26". 

Copper nitrate is used in the preparation of 
photographic emulsions and insecticides. It is 
u.sed also in electroplating, in colouring metals, 
or as a mordant in textile dyeing. Cu(N 03 ) 2 * 
6 H 2 O u^ed in paper and ceramic industries. 

Copper oxide 

There are several oxides of copper, among 
which cuprous oxide, Cu gG, and cupric oxide, 
CuO, arc important. Cuprous oxide occurs in 
nature as cuprite or red copper ore. It is prepar- 
ed by heating finely divided copper in air below 
red heat; by reducing an alkaline copper solution 
with glucose or sugar; or by heating 5 parts of 
cupric oxide with 4 parts of copper powder in 
a covered crucible. An electrolytic method, 
which yields a product of colloidal structure with 
high fungicidal value, has been recently described 
(Rep. Progr. appl. Chem., 1948, 33, 183). 

Cuprous oxide (sp. gr., 6-0; m.p., 1,235°), is 
insoluble in water and soluble in acids and 
alkalies. The colour of pure cuprous oxide is a 
function of the particle size (range of sizes, 0*9 [X 
to 2*57(X), the smaller particles being yellow. 
The oxide is used to impart a red colour to glass 
and ceramics; it is used also in electroplating, 
in A.C. rectifiers, and as a cataly.st in the 
preparation of organic compounds. Its photo- 
electric properties arc utilized in the con- 
struction of photoelectric cells (Brady, 199; 
Thorpe, III, 354). It is used in seed treatment 
both on account of its protective action against 


damping-off organism, Pythium ultimum, and 
fungicidal properties. Its value for this purpose 
varies with particle size, the smaller particles 
being more efTicient. It is usually applied at the 
rate of 3 lb./ 100 gal. and is compatible with 
most spray materials except lime-sulphur (Frear, 
164). 

Cupric oxide (black copper oxide) is prepared 
by heating copper nitrate or carbonate to dull 
redness or the sulphate to a high temperature. 
It can also be obtained by heating finely dividend 
copper or cuprous oxide in air or oxygen. It is 
a hygroscopic, brownish black, amorphous powder 
(sp. gr., 6*4), insoluble in water and alcohol. It 
dissolves in acids with the formation of cupric 
salts. It is soluble to some extent in oils, and 
hence copper cooking vessels reejuire constant 
cleaning (Thorpe, loc. cit.). 

It is used for colouring ceramics green or blue, 
and as a catalyst in the preparation of organic 
compounds. It was formerly used as a discutient 
in chronic lymphadenitis. It is also asserted to 
be an active taenicide of low toxicity (U.S.D., 
1412). 

Copper sulphate 

Copper sulphate, Blue Copperas, is known in the 
anhydrous form as CuSO.,, and in hydrated forms 
as CUSO 4 H 2 O, CuS 0 4 - 3 H.iO, and CuS 04 -r)l{ 20 . 
In the form of penthahydrate it occurs as chal- 
canthite in Chili, Arizona, and elsewhere. 

Copper sulphate may be prepared by dissolv- 
ing metallic copper or copper oxide in sulphuric 
acid, solution being assisted by the addition of 
nitric acid or sodium nitrate. For large scale 
manufacture, metallic copper scrap is heated with 
excess of sulphur in a reverberatory furnace, 
with air excluded, to form copper sulphide. Air 
is admitted, and heating continued at dull redness 
when the sulphide is oxidized to sulphate. The 
hot mass is discharged into dilute sulphuric acid, 
the solution decanted, concentrated, and crystal- 
lized. The sulphate thus produced is of a high 
degree of purity. Copper pyrites may be used 
in place of copper scrap, if the presence of iron 
in the product is not injurious in the applica- 
tions for which the copper sulphate is required. 
Commercial sulphate required for agricultural 
purposes is prepared from pyrites. By carefully 
adjusting the temperature of roasting, iron sul- 
phate may be converted into oxide, while the 
copper sulphate remains almost unaffected. 
Alternatively, the iron may be oxidized by nitric 
acid and removed as oxide by boiling with copper 
oxide, or by boiling with lead peroxide followed 
by the addition of barium carbonate. 
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CuS 04 * 5 H 2 O is an azure blue crystalline pro- 
duct, sp. gr., 2-286, soluble in water (12-9 g. at 
0^; 18-5 g. at 250; 42*4 g. at 100% in 100 g. of 
water). When heated, it loses 2 mol. of water at 
30% 4 mol. at 100% and nearly all the water of 
hydration at 260% The white anhydrous residue 
(sp. gr., 3*606) is hygroscopic turning blue on 
absorption of water. It decomposes at 650 -”750" 
giving a residue of copper oxide. 

Copper sulphate is the most important salt of 
copper and forms the starting material for the 
preparation of a large number of copper com- 
pounds used in commerce. It is used principally 
as fungicide; it is used also in calico printing, dye- 
ing, electroplating, and in galvanic cells. In the 
anhydrous form it can be used as a dehydrating 
agent. It is a catalyst in the preparation of 
esters from lower aliphatic acids and olefines. It 
is used for destroying low forms of vegetable and 
animal life in ponds, and as a constituent of wood 
preservatives. 

Copper sulphate is sometimes used in the 
treatment of anaemia. It is irritant, astringent, 
and antiseptic. In 0*3 g. doses it is a prompt 
and active emetic, and may be used to evacuate 
the stomach in various forms of poisoning, espe- 
cially in phosphorus poisoning, where it plays the 
dual part of combining with phosphorus to form 
phosphide and acting as an emetic. A 1% solu- 
tion is beneficial for phosphorus burns of the 
skin. Its disinfectant power is moderate in the 
presence of proteins, and against sporulating 
organisms it is ineffective. Subconjunctival in- 
jections of a 1% solution with 4% procaine have 
been claimed by certain ophthalmologists to be 
effective in trachoma and in 0*25—0*5% solution, 
it is a stimulant collyrium in conjunctivitis and 
styes. Retention enemas of 1 in 5,000 solution 
have been used for amoebic and chronic bacillary 
dysentery (U.S.D., 348). 

Production, — Copper sulphate is produced by 
The Bengal Chemical and Pharmaceutical Works, 
Calcutta; Alembic Chemical Works Co, Ltd., 
Baroda; Mysore Chemical Mfg Co, Ltd., and The 
Mysore Chemicals and Fertilizers Ltd., Mysore, 
and a few other concerns in India, from scrap 
copper and sulphuric acid. 

According to I.S.D. Specification (No. G/ 
Chcmicals-18C) copper sulphate qualities 1 and 
2, shall contain not less than 98*5% CUSO 4 ’ 
5 lIaO; iron calculated as hydrated iron sulphate, 
Fe S 04 * 7 H 20 , shall not be more than 0*15% and 
0*5% respectively in qualities 1 and 2. All crys- 
tals shall pass through a wire sieve of mesh 1 inch 
in the case of quality 1 , and IJ inch in the case 
of quality 2 , but not more than 1 % shall pass 


TABLK 1. meOUTS Ob’ COPmi SULrjlATE 



Q‘y. 

(cwt.) 


Valuo. 

(Ua.) 

1934/35 -19;jS/39 (tiv.) 

31,604 


4,14,393 

1939/10—1943/44 (av.) 

3I,7S5 


10,14,000 

J 944-45 

32,127 


12,07,8,54 

1945-46 

12,071 


3,97,530 

1940-47 

10.033 


5,33, .500 

1947-4S 

20,191 


0,29,099 

1948 49 

25,529 


9,57,354 

1949-50 

22,227 


S,70,055 

through a wire sieve of mesh \ in. Copper sul- 
phate (quality 1), required by the Posts and 
Telegraphs Department for use in Daniel cells 
shall be capable of giving a minimum output of 
90 amp. hrs. per lb. when tested in a Gravity 
Daniel Cell of 16 oz. size, and also shall be suit- 


able in other respects for such use. 

The total installed capacity for the production 
of copper sulphate in India is about 1,500 tons per 
annum; 424 tons of copper sulphate were produc- 
ed in 1948 and 450 tons in 1949 (Information 
from D.G.I.&S.). 

Copper sulphate is chiefly consumed in India 
by the coffee, tea, and rubber estates and by the 
departments of agriculture (Rep. Panel, Heavy 
Chemicals and Electro-Chemical Industries, 1946, 
9). 

Imports. — Considerable quantities of copper 
sulphate are imported into India (Table 1). 
Prior to World War II, the Indian demand was 
met mostly by imports from U.K., Germany, and 
Belgium. In 1942-43, U.S.A. supplied 16,625 
cwt. and Kgypt, 28,051 cwt. Imports of copper 
sulphate into India are subject to a preferential 
revenue duty of 26% ad valorem when obtained 
from U.K. and British Colonies, and 36% ad 
valorem when obtained from other countries. 
About 80% of the imports is used for agricultural 
purpo.scs. During the War, 2,000 tons ol copper 
sulphate were used for rot-proofing of jute bag.s. 

Copper sulphide. 

There are two sulphides of copper correspond- 
ing to the two oxides. They are found in nature 
as copper glance or chalcocite (Cu.^ S) and indigo 
copper or covellite (CuS). 

Cuprous sulphide is formed when copper is 
heated with sulphur or when copper sulphate is 
heated with sodium thiosulphate. It is obtained 
as a black powder or as lumps (sp. gr., 5*80; 
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m.p. IjlSO*"), soluble in nitric acid and insoluble 
in water. It is dimorphous (transition temp., 
91*'). It is used in protective paints for ships. 

Cupric sulphide is prepared by heating cuprous 
sulphide with sulphur at a temperature below 
the melting point of sulphur, by digesting cup- 
rous sulphide with cold strong nitric acid, or by 
passing hydrogen sulphide through an aqueous 
solution of a soluble cupric salt. It is obtained 
as a paste by precipitating a solution of copper 
sulphate with sodium sulphide. Cupric sulphide 
(sp. gr., 4-60; m.p., 1,100") is soluble in nitric acid. 
It is used in calico printing for developing aniline 
black, and in protective paints for ships. 

CORDAGE AND ROPES 

The term cordage refers to a wide variety of 
flexible products such as ropes and cables, twines 
and cords, derived primarily from spun vegetable 
fibres. Rope is stranded cordage (diam., 3/16 in.), 
made by laying or twisting together three or 
more strands. Ropes are also made by twisting 
3 or 4 ordinary ropes together. Twine is less 
than 3/16 in. diam. and is composed of two or 
more yarns: binder twine is a single yarn pro- 
duct. Cord is an indefinite term meaning thin 
rope or thick string made by twisting several 
yarns together. Lines are made up to 1 in. or IJ 
in. diam. and are used for sounding, fishing, 
measuring, etc. 

Ropes are usually plain or hawser laid. They 
are made of 3 strands and are available in all 
sizes from i in. circum. upwards. Four-strand 
ropes, known as shroud laid ropes, are available 
in all sizes from li in. circum. upwards; they 
are superior to hawser laid ropes as regards 
roundness. When ropes are made with more 
than three strands a hollow core is formed in the 
centre which is filled by a central cord serving 
as a cushion for the covering strands. Cable 
laid ropes are made from three or more hawser 
laid ropes and are available in sizes from 5 in. 
circum. upwards; they have greater elasticity and 
flexibility than hawser laid ropes of the same 
circumference but less strength. 

More than half the quantity of ropes produced 
is 'consumed by the shipping and fishing indus- 
tries and the Navy. Ropes are also used in oil- 
well drilling, and for power transmission and 
machine drives. In the farm it is used for tying 
cattle, drawing water from wells, etc. The build- 
ing and engineering industries utilize consider- 
able quantities of rope. 

Twines are mostly used for binding or tying 
and for sewing and netting. 

Ropes of high quality are produced by the aid 
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Fig. 59. — Construction of ropes — 1. hawser laid; 
2. shroud laid; 3. cable laid. 


of machines in rope making factories. Rope 
making on a factory scale was started in Calcutta 
in 1780 by Messrs. W. H. Harton & Co. Ltd. Other 
factories followed, prominent among them being: 
G. D. Barter ji & Co., Ltd., (1840); Shalimar Rope 
Works Ltd., (1847); S. C. Mullick & Co., (1869); 
Gange.^ Rope Co. Ltd., (1903); and the Bengal 
Rope Works, (1918). These factories are situated 
in and around Calcutta. In some of them the 
proce.ssing is done wholly by machinery, while 
in others, the bulk of the work is carried out 
manually. Their output varies from 30 tons to 
1,000 tons per month. The Ganges Rope Works, 
which supplied approximately 55% of the re- 
quirements of the Defence Services during World 
War II, is the largest among the factories, and 
was completely modernized in 1938. The total 
capital employed by the industry is over a crore of 
rupees, and the factories provide employment to 
about 3,500 workers. 

A large number of small units have also been 
established in Calcutta and Bombay for the 
manufacture of ropes. Hand spinning and twist- 
ing of strands into ropes and cordage are well 
established cottage industries throughout India. 
Wire ropes are not manufactured in India. 

Raw Materials 

The principal cordage fibres are : Sisal, Manila, 
Henequen, and True Hemp. The first three hard 
fibres are primarily used for making ropes, more 
than 85% of the world production of these and 
other hard fibres being consumed for this purpose 
(Foreign Comm. Weekly, 1949, 36, 5). They are 


also used for making cheap twines and lines. 
True hemp, which is a soft fibre, is employed 
mainly for sewing twine, book binders’ twine, 
fishing line, log line, boat lacing, and similar 
cordage. 

The principal hard fibres used for cordage in 
India are Manila and sisal. Both are imported 
into the country. Small quantities of Cebu- 
Maguey or Cantala fibre, Henequen, Bombay Aloe 
fibre, and coir arc also used; of these the first two 
are imported into the country. True hemp is 
used only in negligible quantities. 

Manila fibre or Abaca, obtained from Mu.sa 
textiles y is grown mainly in the Philippines. 
Small quantities are produced in North Borneo 
and Indonesia. The fibre is 5 — 16 ft. long, 
strong, and durable and is considered to be the 
best fibre especially for marine cordage. Manila 
rope is used for well-drilling, hoisting, and power 
transmission. The different grades are: I, J-1, 
G, J-2, S-2, S-3 and K. Two qualities are recog- 
nized in the trade; the Davao or special quality 
and Ordinary. 

Sisal, from Agave sisalana Perr., is cultivated 
in Africa, Indonesia, Haiti, and Brazil. It is 
obtained from British East Africa which is by far 
the world’s largest producer. The fibre is 3-5-- 6 
. ft. long, possesses an attractive light yellow or 
cream colour and is hard, strong, and durable. It 
is one of the cheapest fibres used for ropes, 
twines, and cords. During World War II, sisal 
came into prominence owing to the stoppage of 
Manila fibre supplies and its usefulness for 
marine cordage has now been well established. 
It is nearly equal to Manila fibre for most pur- 
poses (Bull. imp. Inst.. Loud.. 1931, 29, 17). The 
different grades of sisal used are: No. 1, A, No. 2, 
No. 3 Long, No. 3 Short, Rejections, Tow. 

A small amount (20,000 cwt.) of sisal of the 
East African grade is produced in Sambalpur Dt. 
(Orissa) and is used by the Calcutta rope facto- 
ries. The fibre is also produced in Bombay and 
other places and used locally. 

Henequen, obtained from Agave fourcroydes 
Lem., is mainly grown in Mexico. Small quan- 
tities are also grown in Cuba and El Salvador. 
It is a hard, rather coarse fibre, light yellow in 
colour, and 2*5— 3-5 ft. long. It is inferior to 
East African sisal and is used for cord and small 
ropes. 

True hemp is the most important among the 
cordage fibres. The hemp plant is cultivated in 
Italy, France, U.S.S.R., Poland, and U.S.A. The 
fibre is soft, 4 -12 ft. long, and creamy white in 
colour. The Italian product is of the highest 
quality, followed by French hemp. Russian and 
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Polish hemps are inferior. Both hemp line and 
hemp tow are used. True hemp is mainly used 
for making strong twines. It is obtained in 
India in small quantities in Garhwal, Kashmir, 
Simla Hill States, Kangra, and Travancore (Sircar, 
Misc. Bull. I.C.A.R.y No. 66, 1948, 33). 

Maguey from Agave cantala Roxb. is grown 
mainly in the Philippines (Manila Maguey or 
Cebu Maguey) and in the East Indies (Cantala 
fibre). It is finer but less strong than sisal and 
is used for second grade ropes and cordage. 

Bombay Aloe fibre is obtained from A. cantala 
Roxb., growing in Deccan and is extracted on a 
commercial scale in Bombay. It is inferior to 
sisal in strength but is preferred on account of 
its cheapness and whiteness, which gives it the 
appearance of sisal. The fibre is used mostly for 
household and agricultural ropes. Approximate- 
ly 40.000 cwt. of aloe fibre is annually produced 
(Sircar, op. cit., 5). 

A small amount of fibre is obtained from A. 
Veracruz from Sabaya (Bihar) and Madras 
(Anantapur Dt.) and sold to Calcutta rope fac- 
tories. Veracruz fibre is coarser than Cantala 
fibre, lacks lustre, but is comparable to it in 
strength. 

Coir obtained from the husk of Cocos nucifera 
is used extensively in south India for cordage 
manufacture. It is also used in mechanised rope 
factories. It is resistant to the action of water 
and has the property of elongation without 
breaking which makes it an important material 
for rope making. 

Other fibres used for ropes are: Istle 
(Tampico fibre) produced in Mexico, New Zealand 
flax or hemp (Phormium fibre), Bowstring hemp 
(Sansovieria) in Africa and New Guinea, and 
Caroa in Biazil. These fibres are not at present 
used in India. 

Among the soft fibres used in India are cotton, 
jute, and occasionally sunn hemp and Deccan 
hemp. Jute obtained both from Corcliortis cap- 
sularis and C. olitorius is the cheapest fibre used 
in the cordage industry. 

Sunn hemp is obtained from the bast of Crota- 
laria juncea cultivated in the Philibit and 
Moradabad Dt. (U.P.), in the Punjab, the Madhya- 
Pradesh, Hyderabad, and in certain parts of 
Bombay, Orissa and Bengal (Bengal hemp). The 
Ganjam quality which accounts for nearly 43% 
of the total Indian production and Bengal 
hemp are used for making ropes, strings, and 
unsized 2-ply twines (Sutlis). Of the total pro- 
duction of sunn hemp about 60% is used for 
ropes and 10% for twines. Considerable quan- 
tities of Bengal hemp are utilized in the rural 
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TABLE 1.— IMPOKTS OF FIBRES 
quimtity (cwt.) and valiio (Us.) 



Qty. 

Siaal 

Vftl. 

Qty. 

Manila 

Vftl. 

CtUitftlft 

Qty. Vftl. 

True hemp 
Qty. Val. 

1034/35— 193S/39 
(av.) 

1,200 

15,738 

28,091 

4,16,827 

1,185 15,046 

132 6,021 

1930-40 

11,392 

1,69,008 

36,214 

5,65,644 

808 9,578 


1910-41 

5,657 

97,144 

95,042 

27,06,927 

2,028 29,323 


1941-42 

39,473 

0,74,079 

9.3,322 

16,52,243 



1942-43 

92,901 

20,29,459 

13,022 

3,05,201 



1943-44 

100,050 

20,3], 103 





1944-45 

193,209 

43.38,749 





1945-40 

152,869 

30,39.497 





1940-47 

11,000 

2,51,597 





1947-48 

92,952 

47,46.570 





1948-49 

1.3„382 

6,45,824 





1949-50 

64,141 

41,59,898 






areas around Calcutta for making twines and 
lines on a cottage industry basis. 140,000 cwt. of 
sunn hemp grown in India were consumed by 
the rope factories in 1943-44. 

Cordage and ropes manufactured in India are 
solely from natural vegetable fibres. Nylon, the 
synthetic fibre, used for rope manufacture in other 
countries has not been used in Indian industry so 
far. Nylon yarn has high tensile strength (31—32 
tons/sq. in.), high elasticity (recovering within 
10% of its original length after applying a load 
equal to 50[i of the breaking load), and high 
degree of extensibility. It is non-inflammable, 
resistant to water, and easy to handle when wet 
or dry. It is resistant to micro-organisms and 
chemicals and does not deteriorate during storage. 
Nylon ropes have been used for glider towing, 
mountain warfare and rock climbing, and for 
admiralty purposes. 

Bombay or Deccan hemp also called Bimli- 
’patam jute in Madras is extracted from Hibiscus 
cannahinus. It is used for ropes and unsized 
twines. 

The imports of fibres are shown in Table 1. 

Imports of hard fibre were subject to duty in 
the pre-war years. This stimulated the import 
of rope from Japan, which rose from 7 cwt. in 
1929-30 to 11,266 cwt. in 1935-36. The duty on 
imports of Manila fibre was abolished during 
World War II, while that on sisal and maguey 


fibre imports was abolished in 1948. All hard 
fibres are now imported free of duty. 

Manufacture 

The manufacture of cordage consists of two 
stages, preparation of yarn and rope rnaking. 

Preparation of yarn . — ^Excepting cotton and coir 
yarn, other yarns used in cordage, are spun in 
the rope factory. Cotton yarn is spun in cotton 
mills and supplied to the rope factories. The 
existing plants in the rope factories are not 
adapted to the spinning of short, wiry, hard coir 
fibres and hence coir yarn is obtained in the form 
of 2-ply strands from south India. 

Yarn is made by hackling the fibre, drawing, 
and spinning. Different grades of fibre are mixed 
in the required proportions and the mixed fibres 
combed and straightened in a Good’s No. 1 
hackling and spreading machine in which the 
fibre, fed through a pair of rollers, is carried 
along a slow moving series of bars connected by 
endless chains, the bars being studded with sharp 
steel gill pins which work like a comb. The 
fibres are next carried along by a fast moving 
chain which hackles or combs out the ends of 
fibres and splits up the bunches into finer groups, 
straightening and parallelizing them at the same 
time, and removing the dirt and foreign matter. 
The hackled fibres arc delivered by a front draw- 
ing roller in a heavy continuous stream or sliver 
which is coiled by hand or machine into a can. 
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Fi^. 60. — Hard fibre drawinfr frames 


Tho operation is repeated 3—5 times, depending 
on the type of product required, in Good’s 
machines, each operation resulting in a thinner 
and more even sliver. These machines differ 
from Good’s No. 1 machine in having gill pins 
set closer together and a higher delivery speed. 
They parallelize the fibre still further and pro- 
duce a uniform silver by doubling and drafting. 

The sliver from the final Good’s machine is 
drawn and doubled 3 or 4 times in drawing 
frames, in each of which 4—8 slivers are doubled 
and drawn. The front roller draws out the silver 
through the gills. 

Spinning.— The sliver from the finisher draw- 
ing frame is spun in automatic jenny spinning 
machines or in automatic doffing gill spinning 
frames, the latter being preferred for hard fibres. 
In the jenny spinners, the sliver is fed through 
a tunnel shaped tube, a pair of feed rollers and 
another similar tube, into a chain gill sheet and 
then drawn through a twist tube by a haul pulley 
mounted in a flyer. The yarn passes round guide 
pulleys to a bobbin mounted on a spindle in the 
flyer. 

Gill spinning is efficient and is especially well 


adapted for yarns lighter than 600 ft./lb.; it gives 
a stronger product (breaking strain increased by 
10%). The sliver from the finisher drawing 
frame is fed by a pair of rollers to a gill sheet 
and the final drawn out sliver is led to a flyer 
which twists it into yarn and lays it on the 
bobbin. The flyer speed varies from 1,800 r.p.m. 
for coarse (200-400 ft./lb) yarn, to 3,000 r.p.m. 
for fine yarn. Tho twist is given by the ratio of 
the flyer speed (r.p.m.) to length delivered. Gill 
spun yarns have more projecting fibres than 
yarns spun in automatic jenny spinners duo to 
the higher flyer speed. 

The method used for spinning soft hemp fibres 
is somewhat different. The hemp is first hackled, 
resulting in approximately 70% line fibre and 
30% tow. The line fibre is processed in the 
same manner as hard fibre by doubling and draw- 
ing until a final sliver of the desired weight/ 
length is produced, which is then spun on a suit- 
ably designed Gill spinner. Soft hemp yarns are 
used for the preparation of dressed and tarred 
lines for marine use. The hemp tow is mostly 
used in the manufacture of tarred oakum for 
caulking purposes. 
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Jute is carded bc’foiv spinning. 

Both hard and soft fibres are dressed with 
batching emulsions in order to lubricate the 
fibres and thereby facilitate their passing through 
gill pins, to soften thi‘m, to serve as a preserva- 
tive, and to provide internal lubrication to thc^ 
rope. The emulsion is made by batching oil, 
soap, beeswax, and grease. Invert water-in-oil 
emulsion is used for hard fibres and is applied 
to the fibre on the slow chain of Good's No. 1 
machine. Soft fibres are batched with oil-in- 
water emulsion. 

Yarn size . — A rope yarn is designated by a 
number which indicates the number of yarns of 
a particular length or weight reciuired to make 
one strand of a 3 in. circum. hawser laid rope. 
Thus, 24 yarns of No. 24's ]”op(' yaiii will be 
required for forming one strand. The weight/ 
length of yarn is ecpial to hmgth in ft. per lb. 
of yarn divided by If). Rope yarns are made from 
18 to 40 numbers. The numbers required for 
sisal and Manila ropes are: 4()'s for 1 in. circum.; 
30\s for I 4--3 in. circum.: and 24 s and 25*s for 
all higher si/i's. 

Rope makiny. -The diamet('i' of stiands used 
for rope making is determined by the diameter 
and construction of the rope; the number of 
yarns required for a strand are determined by 
the strand diameter and the yarn number. Having 


settled the number of yains in a strand and 
the number of strands in a rope, any reciuired 
size of rope can b(‘ made. The twist in the? 
strand and the angle of lay of the rope are 
important. A good rope should havi' strands in 
which the outside yarn should have an angle of 
twist from 27 32 . The angle of lay denoti'S the 

angle of twist in a rope or the angl(.‘ of the 
strands to the centie lint' of the ropi‘. The lay 
can either bt* left- or right-hand and is opposite 
to the twist in tht' strands. \\'nMs are usually 
given a left-hand twist, and strands a right-hand 
twist. Ropes are made with st)ft (32 34 ). 
medium (37 ), and hard (3fl 40 ) lays for vari- 
ous purposes. Soft laid strands are used for 
forming the primaiy lopes in a cable-laiil rope. 

Hard fibre ropes are made eitlu'r in tlu* ‘lopt* 
walk' or on ‘house mat'hines'. 'Flic' laltt'i' are 
I'mployed for small sizes wp to I',* in. circum. 'Oht' 
rope walk is List'd foi* hight'r sizes. foi‘ 2 in. to 
24 in. or more*. Ht)pes from soft lil.)res sueli as 
soft ht'rnp. tlax. and cotton are inually made in 
house machines. 

Rope Wall:.- -A modt'rn lopi' walk consists of 
the* bobbin bank, the 4\)ri.'boaid'. the ‘1 lavi'llt'r' 
and the ‘top ciXiV. all in tlu' same line. Tlu' 
bobbin bank ct)ntains thi' yarn. Tlu' Ibri'board 
has attacht'd to it a i‘('gistt‘r plate witli a numbi'i- 
t)f holes through which the yarns are drawn to 
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form the strand and a few hooks which can be 
rotated by gear arrangement. The traveller also 
has a number of hooks attached, and moves along 
lails from one end of the walk to the other, 
drawing and twisting the strands and laying the 
rope. The top cart, also running on the same 
rails, carries a ‘top’, which is a conical hardwood 
piece with grooves for guiding the strands. 

The required number of yains of the correct 
number are passed from the bobbin bank through 
the register plate, through a tube, and then 
attached to a hook in tlie traveller. As the 
traveller moves down the walk, the hook revolves 
drawing out and twisting the yarns into a strand. 
Several strands can be drawn simultaneously. 
The number of yarns for forming a strand with 
a particular lope yarn increases with the rope 
size (for 24’s yain, the number increases from 
11 to .‘184 for sizes from 2 — 12 in. circum.). When 
the required length of the strand is obtained, it 
is removed and hitched to posts at the side of 
the walk, and further strands are drawn. The 
top carl is not used during stranding. 

In the next operation, the required number of 
strands for the rope is attached to a single' hook 
in the traveller, and to .separate hooks in the 
Ibreboard. In between, the strands pass through 
the grooves of the top in the top cart. During 
laying, the hooks in the foreboard impart the 
corrc’ct retaining tw'ist to the strand (in the same 
direction as in the original strands), while the 
hook in the traveller gives an opposite twist and 
lays tliem into a rope. The lay of the rope is 
coni r()l led by the speed of the top cart which is 
moved automatically by the pressure of the 
st lands against the .smaller end of the top, its 
speed being controlled by the pressure on a pair 
of lopes linked round the bar of the top cart 
and wrapped round the laid ropes. 

Hmise machine . — The compound stranding and 
laying machine consists of 8 or 4 large dyers in 
which are mounted cradles carrying rope yarn 
bobbins. Each bobbin revolves on its own axis; 
at the same time the cradle and bobbin revolve 
on the axis of the flyer. The fiyers twist the 
strands and supply tliem to another dyer for 
laying the rope. In another type of house 
machini', yarns from the bobbin bank are formed 
into strands by drawling them through a twist 
tube and over haul pulleys. The bobbins from 
the strander are put on the creel dyers of the 
laying or clo.sing machine. 

Tunne and Cord making . — Soft fibre cords and 
twines are produced mostly by twisting. Tube 
tw'isting frames are employed in which yarns 
from bobbin banks are drawn through a twist 



Fig. 62. — House maehine for rope making 

tube by haul pulleys mounted inside the dyer. 
Alternatively, a pair of rollers delivers the yarn 
from the bobbin bank to the dyer. The former 
method is used for making cords of high quality. 
The cords may be retwisted in the opposite direc- 
tion to produce what arc known as imitation 
cabled cords. 

For making cabled cords (2-, 3-, or 4-ply cords), 
the strands are first prepared on a former 
a'-id cabled in a machine similar to the tube 
twisting frame in which the creel flyers are car- 
ried vertically. A similar machine is used for 
making 2-, 3-, or 4-ply cabled cord twines. A 
cord walk which is similar to the rope walk may 
also be employed for making soft fibre cords and 
twines. 

Cords and twines made from hard fibre are 
mostly laid or cabled, and only occasionally twist- 
ed in automatic doffing twisting frames. For 
making cabled or laid twines and cords, a 3-ply 
twine layi.ig machine is generally used. It con- 
sists of two laying flyers mounted on a cast-iron 
frame; and two creel flyers in a separate frame 
for imparting the retaining twist. 

All the machinery reejuired for yarn spinning 
and rope making is imported from the United 
Kingdom and the United States of America. 

Treatment of rope.— Cordages and ropes are 
often made from yarn treated with tar, bitumen, 
oil, or polishing compositions. In the case of coir, 
the rope is first made and then treated with batch- 
ing oil. Tarring is the most common treatment; 
the yarn is drawn through a hot tar bath and the 
excess removed by a die. The treatment protects 
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Fiff. 03. — Manila rope, cable laid. 

the fibres against the efTocts of moisture. The tar 
absorption should bo kept at a minimum as other- 
wise the breaking strength of the rope is lowered. 
Stoekholm tar or pinewood tar is used for this 
purpose. 

Twines, especially those made from soft fibres, 
are polished with different compositions contain- 
ing starch, soap, tallow, paraffin wax, glue, talc, 
and water. Hard fibre twines are seldom polish- 
ed. Sometimes, yarns are dyed before stranding. 

Packing . — Ropes are supplied in coils of 120 
fathoms (720 ft.), unless otherwise specified. They 
are wrapped in water proof paper and covered 
by cloth. Small ropes are supplied in hanks. 
Cords and twines are wound in the form of balls. 
Twine balls are usually waisted, i.e., the centre 
is squeezed and a few yards of the twine wrapped 
tiglitly around the waist. Alternatively, twine 
is wound upon a central cone in a spooling 
machine, or on a bare spindle by a cheesing 
machine. 

Types of products . — The factories are equipped 
for the manufacture of ropes and twines of all 
descriptions. The types produced arc Manila 
ropes (special, standard, and merchant qualities), 
sisal rope, oiled coir rope, cotton rope, jute rope, 
hemp rope, and yellow rope. In addition, a 
number of hemp lines, both dressed and tarred, 
are manufactureu, e.g., Log line. Seizing line. 
Deep Sea lead line, Hand lead line, Temperband 
cord, Signal Halyard, Mar line, Bolt rope. Rat 


line, Spun yarn, Europe rope, House line, Ham- 
brolines, Lanyard, and lleald cord. 

Production 

The total capacity of the six mechanised fac- 
tories in India is estimated at about 100,000 cwt. 
of Manila, sisal, aloe, and cebu maguey cordage 
per year, working on a double shift basis. If 
the cordage manufactured from sunn hemp, jute, 
cotton yarn, and coir yarn is also included, the 
total annual production in India may be put at 
about 240,000 cwt. valued at Rs. 85—95 lakhs. 
During World War II, Indian production was 
stepped up to nearly three times the normal out- 
put by working all the seven days in the week 
on a 24 hr. basis. The production has now gone 
down, and all the factories are working single 
shift. Table 2 gives the production figures of the 
biggest factory, viz., Ganges Rope Co. Ltd., during 
the period 1945 49. 

Table 3 gives the consumption of Sisal and 
other hard fibres by Bengal Rope factories. 

Quality and Specification. — F\actory-made ropes 
are required to conform to the following speci- 
fications of the Indian Army and the Navy: G/ 
Tex/H-7A for Manila ropes, G/Tex/Misc.-49 for 
coir rope, G/Tex/Misc.-45A for twines (cotton, 
jute, hemp, and flax) and I.M. 2857 for sisal ropes. 
The lay of the cordage shall be right-hand. The 
cordage shall be well and evenly laid and free 
from d('fects of any kind; the British specification 
lays down the following angles of lay: Manila 
ropes 37' for hawser laid, 39° for shroud laid. 



Fig. G4. — Sisal rope, hawser laid. 
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TAULK 2. 

rUODUCTION 

OF KOPF BY GANOKS 
Qty. (cwt.) 

UOPK CO. 

LTD. 



MatiiUi uml 
Hifljxl ropo 

0)ir roi»o 

Indian liomp 
ropo 

Jiito ropo 

Colton rof»o 

Jute twino 

1944-45 

8,3,434 

10,743 

55,001 

41,091 

372 

00 

1945-4(5 

5S,S17 

30,220 

20,0(IU 

8,797 

.301 

29,102 

194(5-47 

42,122 

18,017 

2,181 

0,235 

102 

48, lOS 

1947-48 

30,0(58 

18,0(58 

991 

3.193 

3(5 

2.5,9.38 

1948-49 

37,022 

18,597 

812 

0,240 

4.5 

1,2S0 


TABLP] 3.— CONSUMl’TlON OF ITAJiD FIUUFS 





(rwt.) 


111,210 

194C-47 

80,000 

1047-48 

42,120 

1!) 48-49 

45,000 


and 37 ’ for 9-strand cable; the corresponding 
figures for sisal ropes are: 39' , 42 ’, and 37' ; the 
weight shall be in accordance with the schedule 
for the size of the cordage. 

Storage of rope, — Hopes should be protected 
from damp and heat. It is preferable to store 
them in well-ventilated sheds maintained at 
about 70 "F. and 65% H.H. Wet or damp ropes 
should not be dried by heating as this renders the 
fibres brittle and the ropes useless for service. 

Tiik Cottage Rope Industry 

Large quantities of rope and twine are made 
throughout the country from locally available 
fibres. Among the fibres used in cottage indus- 
try coir, sirnn hemp, and jute are important. In 
addition, a large number of fibres of minor im- 
portance have been used or experimented upon in 
various parts of the country for making ropes and 
twines. These include: Ahroma augusta, 

Ahutilon spp., Anana,s coraosus, Antiaris toxicaria, 
Bauhinia vahlii, Boelnneria iiwea, Borasaus 
flahellifer, Caloiropis gigantea, C. procera. 
Cannabis saliva, Careya arborea, Caryota urens, 
Cordia dichotonia, C. rothii, Girardinia hetero- 
phylla, G, disperma, G. elastica, G. oppositifolia, 
Grewia tiliaefoliaf Hardioickia binata, Ilelicteres 
isora, Hibiscus spp., Kydia calycina, Malachra 
capitata, Marsdenia tenacl^sirna, M. volubilis, 
Pandamus spp., Phorrnium lenax, Saccharum 
munja, S, spontaneum, Sansivieria zeylanica, 
Sesbania bispinosa, S. grandiflora, Sida 


rhoinbifolia, Sierculia foetida, S, urens, S, villosa, 
Themeda arundinacea, Trerna orienialis, Typha 
elephantina, Vrena lohaia and Villebrunea 
integrifolia (Trotter, 1940, 226; D.E.P., II, 566). 

The fibie is hackled either by hand or on 
wooden boards studded with steel pins. The 
cleaned fibre is spun into yarn with the help of 
a charkha. The fibre is twisted into yarn by 
the fingers, made into a loop, and inserted into 
the hook of a whirl which is driven by a wheel. 
As the wheel is rotated, the worker walks down 
the rope walk, feeding the fibres into the twisted 
yarn. When he reaches the end of the walk, the 
yarn is taken off the whirl and wound round a 
reel for use in the next operation. 

The required number of yarns to form the 
strand are attached to the free ends of three 
cranks fixed in a wooden frame (tackle board); 
the other ends of the three strands pass through 



Fiff. 65.--Coir rope, cable laid 
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three holes of a wooden piece at the other end. 
The strands are twisted by turning the cranks. 
When all the strands have received sufficient 
twist the wooden piece is gradually brought to- 
wards the tackle board. The rope is then formed 
from the twisted strands. 

Sunn hemp is the fibre mainly employed for 
the preparation of twine. This industry covers 
almost all the sunn hemp producing areas, the 
more important areas being Kanpur, Banaras, 
Partabgarh, Azamgarh, and Moradabad in 
U.P., Saran in Bihar, and Chandernagore, Baidya- 
bati, Seoraphuli, Chatra, Kotrung, Baruipur, and 
Calcutta in West Bengal. 

In pre-war years, about 10,000 workers were 
engaged in twine making in the Calcutta area 
producing 6,000-6,500 md. twine, log line, and 
rope per month from Bengal hemp. Of the total 
production, twine accounted for 10' ^ , log line 
(3 in. circLim.) 80'y, and rope (1—2 in. circum.) 
10%. About 75' r of the production was export- 
ed to Rangoon, Colombo, Malaya, Java, Hong- 
kong, Aden, and Mauritius, the rest being retain- 
ed for fishing nets, sporting nets, packing twines, 
etc. The production increased considerably 
during the war. Several thousand tons of twine 
were used for the production of camouflage nets. 
The present production is estimated to be 25% 
of the pre-war output. 

Hemp ropes and Sutli worth about 180 lakh 
rupees are annually produced in U.P. (Directorate 
of Cottage Industry, U.P., Let Figures Tell, 1949, 
50). 

Jute rope. — Considerable quantities of raw 
jute are used for making ropes and twines 
throughout the jute growing areas of Bengal, 
Bihar, and Assam. The products arc mostly 
consumed locally; small quantities of the finer 
qualities arc sent to Calcutta and up-country 
markets. Jute rope is made in all the jute baling 
presses. Ropes meant for kutcha bales arc 
about 1 in. thick and 50—60 ft. long (wt., 4-5 
lb.). For pucca bales, the ropes are given a 
harder twist, and are made in greater lengths. 

A number of jute mills in Calcutta produce 
jute ropes and twines on the jack wheel princi- 
ple, and some of them employ twisting machines. 

Jute twines of different qualities and thick- 
nesses are used extensively in India and abroad. 
Three classes of twines arc made, viz., country 
twine, export twine, and sacking twine. 

Country twine is utilized in India for a large 
variety of purposes, particularly for sewing, car- 
pet making, and for general tying purposes. It is 
made from sacking yarn (13 or 15 lb. per spindle) 
in 3- to 5-ply, and supplied in hanks of two 
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sizes, 72 in. and 90 in. circum. The hanks are 
made into bundles of 14 or 56 lb. and finally into 
bales of 5 or 10 mds. 

Export twine is meant for general tying pur- 
poses, sacking, garden twine, packing for pipe 
joints, cable binding, etc. It is made from both 
hessian and sacking yarn for export to Australia, 
New Zealand, and South America. Hessian 
twine is made in three colours, viz., white (from 
light colou;-ed jute), golden brown (from 
Tossa), and blue (dyed). It is made from 8 Ib. 
yarn in hanks of 6 oz. or 8 oz., bundles of 9 
lb., and bales of 450 or 820 lb. Sacking twine 
is made from 12 lb. yarn of natural colour. 

During the war period, jute rope and cordage 
required for the Navy were rendered rot- and 
water-proof. The proofing compositions employ- 
ed were: (1) coal tar pitch-oil-solvent mixture, 
with or without a copper preservative; (2) 
bitumen-wax-solvent mixture with copper pre- 
servative; and (3) tar oil distillate mixture. 

Separate figures for the production of jute rope 
and twine are not available. Table 4 giving the 
figures for jute goods other than hessian, sacking, 
twist and yarn includes rope and twine. 

Coir ropes. — The making of coir ropes on a 
cottage industry basis is localized in the coconut 
growing areas of Travancore and Cochin. Coif 
ropes are made also in Orissa and in North Kanara 
district of Bombay. They are used locally for 
drawing water, and other purposes. During the 
war, large quantities of coir ropes were made to 
meet defence requirements (Table 5) {Rep. Panel, 
Coir, Rope, Cordage, and other Fibre Industries, 
1946, 9). 



TABLE 4* 

Qty. 

('•wt.) 

193H-39 


52,620 

1946-47 


34,820 

1947 -18 


44,960 

1948-49 


37,520 

♦liif«)rmiition from Indian Jute Mills Association. 


TABLR 5 



Qty. 

(ft.) 

Value 

(118.) 

1942 

42,64,000 

29,000 

1913 

1,24,50,000 

1,35,000 

1944 

54,00,000 

2,36,000 

1945 (estimate) 

24,00,000 

1,50,000 
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TAHLE 6. IMPORTS OF ROPES AND TWTiVFS 



Vcg. fibros 
(other than cotton 
& jute) 

^ _ 

Jute repo and twiix 

A — 

(%)ttoii rupe 

^ 


Qiy- 

(cwt.) 

Value 

(Rs.) 

Qty. 

(cwt.) 


Value 

(Rh.) 

Qty. 

(t*ut.) 

Value 

(Rs.) 

1934/35—1938/39 (av.) 

22,971 

7,79,025 

817 


20,580 

t),377 

0,2.5,150 

1939/40-^.-1943/44 (av.) 

11,114 

3.90,588 

337 


27,240 

3,971 

.5.7I.4(M 

1944-45 

712 

27,251 




3.100 

0,12,010 

1945-40 

2,820 

1,90,540 




3.352 

0,00,224 

1940-47 

2,858 

1,48,028 




4,051 

10,09,014 

1947-48 

1,700 

1.01,850 




.5,005 

17,70.074 

1948-49 

2,421 

4,59.422 




5,813 

18,90.898 

1949-50 

2.074 

3,11,204 




2,091 

0.70,215 


TABLK 7.— EXI’OKTS OK UOl’KS 

AND 

TWINES 





\'og. fibres 

(uthor than juto & cotten) 



Jijlo rnpc» and twine 

.JL. 



Qty. 

(cwt.) 

Value 

(Rs.) 



Qty. 

(cwt,) 

— 

5’alue 

(Rm.) 

1934/35—1938/30 (nv.) 


51,960 

7.80,1-25 



128.909 

15.72,002 

1939/40—1943/44 (av.) 


53,279 

10,90,415 



120,384 

24,9.5.593 

1944-45 


53,833 

17,40,000 



40,705 

15,29,711 

1945^ 40 


35,8.34 

10,58.805 



32,838 

1 1,00..582 

1940 i7 


73,842 

39,98,101 



44.175 

18,91.024 

1947-48 


41,195 

27.74,103 



57.(W3 

34.39.07tl 

1948-49 


98,788 

45,98,243 



110,285 

77, 54. .339 

1949-50 


79,901 

43.33,458 



134,301 

1.00,20.380 


Prior to World War II, considerable quantities Table 7 gives the exports of ropes and twines 
of transmission ropes, made from Manila fibre from India. 

and cotton, were imported from the United King- Indian ropes were supplied during the war to 
dom. A cheaper variety, known as yellow rope, Middle East countries and Russia. The shares 

was also imported from Japan in large quan- in the exports during 1948-49 were: Pakistan, 

titles. 33*7%; and Straits Settlements, 26-7%. The 

Imports of cordage, rope, and twine made from corresponding figures for 1949-50 were 23S' and 

vegetable fibres other than cotton and jute, are 30%. 

subject to a revenue duty of 30% ad valorem. Small quantities of hand-made coir rope arc 
There is a preferential duty on imports of cotton exported from the ports of Cochin, Calicut, and 

rope. Alleppoy. During the year ending 30th June 
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TAHI.K 8.- TRICES OV ROPES 


Muriilu ropo 

l*riro 

(Rs./ewt.) 

Spocinl (piality 

180 

Standard „ 

ino 

Meirluint „ 

UO 

Sisal ropo 

Coir ropo, «.*iled 

120 

1st rpiality 

75 

2nd 

<i0 

Indian lioinp ropo 

00 

Cotton ropo 

:i*75* 

Jiito twino 

OOf 


•p«r lb. tP*'*' “>tl. 


1937-38, 15,270 cwt. were supplied (Rep. Panel, 
26). Exports of coir rope made in rope factories 
arc given in Table 7. 

Prices . — The market prices of rope in December 
1949 are given in Table 8. 

COSMETICS 

The term cosmetics means articles intended to 
be rubbed, poured, sprinkled, or sprayed on, or 
introduced into or otherwise applied to the 
human body or any part thereof for cleansing, 
beautifying, promoting attractiveness, or altering 
the appearance, and also articles intended for use 
as a component of any such articles, except that 
such term shall not include soap (Van Nostrand, 
398). 

Cosmetics may be considered under four main 
heads: (1) decorative, c.g., nail enamels, hair 
lacquers, lipsticks, etc.; (2) corrective, c.g., light 
face powders and rouges; (3) protective, e.g., day 
creams and heavy face powders; and (4) curative 
or therapeutic, e.g., ant i-perspi rants and hair pre- 
parations. For manufacturing purposes cosme- 
tics may be classified into the following groups: 
(1) creams, (2) lotions, (3) powders, (4) make-up 
preparations, and (5) miscellaneous products, such 
as mouth washes, hair-waving fluids, manicure 
preparations, depilatories, etc. 

The cosmetics industry is a large-sized industry 
in U.S.A. The per capita consumption of cos- 
metics in U.S.A. was $5*69 in 1947. America 
exported toilet preparations valued at 1,574 
million dollars in 1945. The percentage use of 
different cosmetics in U.S.A. in 1947 was as 
follows: cream, 11*3; perfumes, cologne and 
lotions, 10*8; face powder, 9-0; lipstick, 3-5; and 
products for the care of hand, 2*8 [Indian Soap 
J., 1949-50, 15 (2), 68]. 


Raw Materials 

The more important raw materials utilized in 
the cosmetics industry are: distilled water and 
perfumed water, absorption bases, emulsifiers, 
.stabilizers, preservatives, emollients, medicinal in- 
gredients, perfumes, and colours. Absorption 
bases include vegetable oils (especially almond 
oil), animal fats, hydrogenated fats and oils, waxes 
(beeswax, carnauba wax, spermaceti), lanolin, and 
mineral oils and waxes. 

The emulsifiers used in the industry are fatty 
oil soaps, triethanolamine, lanolin, gums and 
mucilages (acacia and tragacanth), agar agar, 
sodium alginate, alcohols (cetyl and stearyl 
alcohols) and their sulphonated derivatives, esters 
of glycol, glycerol, sorbitol and mannitol with 
fatty acids. Colloidal clays (bentonite), and syn- 
thetic non-ferment able colloids (cellulose ethers) 
are also used. Talc is the most important basic 
material used in the preparation of toilet powders. 
Auxiliary substances such as glycerine, dulcitol, 
lecithin, thymol, naphthol, naphthylamines, para- 
hydroxybenzoic esters, formaldehyde, benzoic 
acid, chlorobutanol, and alcohol are also used. 

Essential oils, synthetic coal tar perfumes, and 
resins and oleoresins (balsam of Peru, gum 
benzoin) are used for perfuming cosmetic pro- 
ducts. Musk, civet, and ambergris are also used 
to a limited extent. 

The colours for rouges, lipsticks, grease paints, 
eyebrow pencils, etc., arc natural lakes (ultra- 
marine, ochre, sienna, amber, etc.), vegetable 
colours (alkanet, annatto, indigo, alizarin, cochi- 
neal, turmeric, chlorophyll, cudbear, henna, and 
caramel), and certain coal tar colours (deNavarre, 
183). 

In addition, sulphites and cthanolamine are 
employed in preparing permanent waving prepa- 
rations, sulphides in depilatories, etc. 

Creams 

Toilet creams arc of three types — cold creams, 
vanishing creams, and water-free creams. 

Cold creams are finely divided emulsions of 
either water-in-oil or oil-in-water types. The 
basic ingredients are beeswax, oil, borax, and 
water. The soap (sodium ceroate) formed by the 
reaction of borax with the fatty acid component 
of beeswax acts as the emulsifier for oils and 
waxes in water. Mineral oil (65 110 Saybolt 

units) is generally used; sweet almond oil may 
be employed to give softer products. Paraffin 
wax and spermaceti are also sometimes used. 

Important among the cold creams arc cleansing 
creams and skin foods; other cold creams are 
emollient, lubricating, biological, and massage 
creams (deNavarre, 214). 
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Cleansing creams have low melting points; they 
liquefy instantly, remove dirt and cleanse pores. 
They arc softer than emollient or massage creams. 
The consistency of the creams depends on the rela- 
tive proportions of wax and water. They are 
mostly water-in-oil emulsions but some popular 
makes are of the oil-in-water type. A good pro- 
duct should liquefy at body temperature and 
should have a viscosity low enough to permit easy 
spreading, but sulliciently high to retain dust and 
insoluble foreign matter in suspension. It should 
be able to cleanse the skin surface and leave the 
skin smooth, relaxed, refreshed, non-greasy, and 
clean. 

Skin foods nourish, beautify, soften, and revive 
relaxed and faded tissues, and remove lines and 
pimples. They contain a high percentage of the 
absorption base. Lubricating and emollient 
creams also contain skin-softening agents, e.g., 
cetyl alcohol, lanolin, cacao butter, lecithin, 
waxes, hydrogenated oils, etc., and contain more 
water than skin foods. Biological creams are 
similar to skin foods but contain hormones, vita- 
mins, or glandular preparations. Massage creams 
arc combinations of skin foods and cleansing 
creams. 

For the preparation of creams, the oils, fats, and 
waxes are melted to a clear solution and a hot 
aqueous solution of borax is slowly added under 
stirring, the temperature being maintained at 
68—72®. The selected perfume is added while 
cooling at 45—50® and the mass well stirred. The 
cream is poured at c. 42®. Sometimes, the cream 
is stirred until cold, allowed to set for a day, per- 
fumed, passed through an ointment mill, and 
packed warm. This treatment gives a soft fine- 
grained product. Vitamins and other ingredients 
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are added along with the perfume. Table 1 gives 
a few typical formulae for cold creams. 

Vanishing creams are oil-in-water emulsions of 
stearic acid in water containing soap. The basic 
ingredients are stearic acid, alkali (potash, soda 
ash, caustic potash, caustic soda, borax, triethanol- 
amine, etc.), water, and glycerine. A part of the 
stearic acid is .saponified with the alkali and the 
re.sulting .soap emulsifies the bulk of the acid. 
Stearic acid forms 15 25L of the mixture, and 
15—35'/; of it is saponified. The alkali used and 
the extent of saponification determine the con- 
sistency of the product. The addition of glycerine 
helps the spreading of the cream without rolling 
and prevents rapid drying up; it may be substitut- 
ed by either diethyleneglycol monoethylether or 
sorbitol. Mineral or vegetable oils and cacao 
butter are occasionally added. 

Vanishing creams are available in several 
forms, e.g., face cream, hand cream, medicated 
cream, deodorant cream, etc. Face cream protects 
and beautifies the skin and acts as a base for face 
powders. It is .soft and leaves on the skin a thin 
invisible film with a pearly sheen. A typical 
vanishing cream (face cream) has the following 
composition: stearic acid, 24; potassium hy- 
droxide, 1; glyceJ’ine, 5; diglycol stearate, 6; and 
water, 64 parts (Soap Perfum. Cosmetics Yearbk, 
1936, 59). 

Medicated cream contains in addition, methanol, 
camphor, phenol, eucalyptus oil, etc. Deodorant 
creams contain deodorants and anti-perspirants. 

Hand creams are used to soften and whiten 
hands and to remove toughness and chafing. They 
are similar to vanishing creams but contain le.ss 
soap. Small amounts of mucilages and skin 
softeners are often incorporated. Snows are soft 
vanishing creams made with a combination of 
.sodium and potassium alkalies. 

For prepai’ing vanishing cri*ams, stearic acid is 
melted and heated to about 85 and an aqueous 
.solution containing the alkali and glycerine, also 
heated to c. 85®, is .slowly added under continuous 
stirring. The re.sulting curdy, jelly-like vi.scous 
mass is turned over from lime to lime until the 
crust formation during cooling ceases. The 
cream is set a.side overnight, then mixc'd with 
perfume, and filled into containers. The final 
product acquires the required body a f('w days 
after packing. 

Water-free creams are made by melting and 
mixing together fats and waxes, stiiring with 
pigments and perfumes, and working in a colloid 
mill. Any purified fat, wax, oil. or hydrogenated 
oil may be used. Commercial preparations in- 
clude liquefying creams, bleach creams, ma.ssago 

207 



COSMETICS 

creams, emollient creams, deodorant creams, 
medicated creams, eye creams, and hair and scalp 
creams (hair pomades and brilliantines). 

Liquefying creams used for cleansing are made 
from light mineral oils (viscosity, 65/75 Saybolt 
units) and waxes (ozokerite, ceresin, paraffin, 
beeswax, petrolatum). Medicated creams are 
made from petrolatum, refined lard, hydrogenat- 
ed lard and oils, and their mixtures, the mcdici- 
nals used being mercury compounds, zinc per- 
oxide, bismuth subnitrate, zinc oxide, resorcinol, 
salicylic acid, and benzoic acid. Massage creams 
are generally made from hydrogenated cotton seed 
oil containing antioxidants. Deodorant creams are 
made from petrolatum, mineral oil, and deodor- 
ants, such as zinc oxide, and benzoic, salicyclic, 
and boric acids (deNavarre, 268). 

Solid brilliantines are prepared from ‘short 
fibre’ petrolatum, solidified mineral and some- 
times vegetable oils. They are made from yellow 
petrolatum jelly by stiffening with ceresin or 
beeswax and tinted with an oil-soluble yellow dye 
or chlorophyll; stearic acid and light mineral oil 
may al.so be added to modify the petroleum jelly. 
Liquid brilliantines are made with any mineral 
oil with a pour point of lOT. or lower. Vegetable 
oils are added to prevent stickiness. 

Toilet Powders 

Toilet powders are of two types -'face pow^ders 
and talcum powders. Face powders are blends 
of white pigments suitably tinted and perfumed, 
and are employed to conceal the colour of the 
part of the body to which they are applied, and 
to impart to the skin the colour of the powders. 
The following ingredients are used in their prepa- 
ration: (1) ba.ses — talc, kaolin, precipitated chalk, 
magnesium carbonate; (2) covering agents — zinc 
oxide and titanium dioxide; (3) adhesive.s — zinc 
or magnesium stearates; and (4) starches, prefer- 
ably rice starch (deNavarre, 333). These are pul- 
verized, sifted, mixed in the desired propor- 
tions, suitably coloured, and perfumed. 

Talc is the base most widely used, and it con- 
stitutes about of the powder; it gives a high 
degree of ‘slip’ (smoothness), whiteness, and bulk 
per unit weight; its covering power is low. 
French and Italian talcs arc preferred by virtue 
of their excellent slip and smoothness. Colloidal 
kaolin and precipitated chalk have poor slip and 
adhesiveness, but possess good absorption and 
fair covering power. They are, sometimes, used 
along with talc as fillers; they also serve as media 
for absorbing perfumes. Magnesium carbonate is 
sometimes added in small quantities. 

Zinc oxide has good covering power and adhe- 
sive and water-absorbing properties. Titanium 


dioxide is even better; it is physiologically inert 
and is more opaque though less dense. Colloidal 
kaolin, precipitated chalk, magnesium carbonate, 
and magnesium stearate also possess good cover- 
ing properties. 

Zinc and magnesium stearates are added in 
small quantities (5 — 10/0 to give adhesiveness or 
staying-on power to the powder, the former being 
preferred. In some preparations, stearates are 
replaced by prepared powder bases, which possess 
high adhesiveness and are bulky, odourless, and 
white. 

Starch, especially rice starch, is the material 
par excellence for imparting bloom and a 
peach-like finish to the skin. Small quantities 
assist ease of application. Rice starch retains 
delicate perfumes owing to its small particle size 
(6—9 //). Face powders made in U.K. and Europe 
are usually heavy, while those made in U.S.A. 
are of a light or medium character. Also, the 
American products are of finer particle size than 
the average English or Continental products. 

The colouring materials used are insoluble earth 
pigments and lakes. They are incorporated with 
talc or other base in a ball mill and mixed with 
the other ingredients. Water- or spirit-soluble 
dyes are rarely used; when used, they are sprayed 
on one of the absorbent materials, dried, pow- 
dered, and mixed with other ingredients. 

In the preparation of face powders, the raw 
materials are separately pulverized and sifted, and 
then mixed in the desired proportions. The per- 
fume is incorporated at the last stage. jCenerally, 
it is mixed with talc, precipitated light chalk, 
magnesium carbonate, or starch, thoroughly dis- 
persed, matured for at least a week, and added to 
the coloured powder. The particle size is impor- 
tant and at every stage the ingredients are sifted. 
Horizontal mixers (fitted with screw agitators) 
and ball and grinding mills are used. Face 
powders are sifted through 90 - 160 mesh or even 
finer sieves. The sifting operation can be elimi- 
nated by ‘micronizing’ (air-spinning) the particles. 
The ingredients of the mix are introduced into a 
closed chamber into which purified cold air is 
forced at a speed of over 1000 miles/hr. and the 
particles whirled at a high speed. Particles of 
micron ( // ) size find their way to the central exit 
of the chamber. 

Talcum powder is primarily used for alleviating 
irritation of the skin due to heat or other causes. 
It possesses hardly any covering power. Talcum 
powder used after bath has less slip and is con- 
siderably more absorbent than face powders. It 
contains 80— 90/^ talc, the remainder being boric 
acid, zinc oxide, zinc stearate, light magnesium 
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carbonate, and sometimes starch and perfumes, 
'rhe more common talcum powders contain 95tr 
talc and 5% perfumed precipitated chalk; 
they may or may not be tinted. They are pre- 
pared in the same way as face powders. 

Body powders contain a largo proportion of 
absorbing agents such as precipitated light chalk 
together with adhesives (zinc stearate). Baby 
powders are dc'licately perfumed and are usually 
bora ted or r('ndered antiseptic by the addition of 
c. 0-15S' oxyquinoline .sulphate. Foot powders 
contain deodorizing substances (zinc peroxide, 
salicylic, benzoic, or boiic acid), fungicides and 
astringent substances (alum, boric acid, etc.). 

The composition of a few face and talcum 
powdei’s are given in Table 2. 

Makk-up Preparations 

Make-up preparations, applied to eyes, lips, 
cheeks, or face, to enhance the natural beauty 
and attractivene.ss, include lipsticks, rouge, eye- 
shadows, eyebrow pencils, and facial make-ups. 

Lipsticks . — The ba.se of lipsticks is a semi- 
seJid mixture of oil and wax. Oil-soluble pig- 
ments, e.g., dibromo- or tetrabromo-fluore.scin, 
called bromo acid, and in.soluble colour lakes are 
incorporated into the base. The base for a shiny 
lip.stick contains a relatively high proportion of 
castor oil, liquid paraffin, and petroleum jelly; for 
matt products, waxes and cetyl alcohol are em- 
ployed. Hydiogenated oils, cacao butter, ozoke- 
rite, lanolin, and ceresin may also be used. The 
waxes are melted and added to a solution of bromo 
acid in castor oil, and mixed with liquid oils in 
which the pigments are previously incorporated. 
The preparation is poured into moulds at 5 10** 


and chilled. Flavouring agtmts such as coumarin, 
methyl coumarin, vanillin, and ethyl vanillin, and 
perfumes, e.g., rose, jasmin, and orange blos.som, 
are incorporated. Lipsticks should be easy to 
apply, must not crumble or crack, must not sweat, 
and should have a melting range of .35 — (50 . 
They should not be greasy. 

Liquid lipsticks consist of solutions of ethyl 
cellulose and a plasticizer in ethyl alcohol and 
isopropyl alcohol to which colouring agents and 
perfumes are added. The film produci'd can be 
removed with an alcoholic solvent. 

Rouges . — Rouges are of two types — compact 
rouge and cream rouge. Compact rouge is used 
for colouring cheeks and to modify the contours 
of the face. The composition and tlie method of 
preparation are somewhat similar to those of face 
powder compacts. A typical formulation consists 
of: precipitated chalk, zinc oxide, talc, a water- 
soluble dyestuff, and a binding agent. The mix- 
ture is dried, sifted, and compri*ssed. 

Cream rouges are of two types — non-t‘vapo- 
rating vanishing cream base with oil-soluble dyes, 
and cold cream base with insoluble pigments. 
The former is more popular. A good product 
should spread easily and evenly without any drag, 
and it should not cause any irritation. Cream 
rough need not be applied lepc'atedly. 

Facial make-ups iwc of two types- stick cos- 
metics and powd('r crc'ams. Stick cosmetics con- 
sist of opa(|ue pigments and colour ing materials 
incorporated in an oil-wax bas(\ The fats are 
melted, mixed, and !h(? pigmeirt add(‘d while 
stirring. The mix is passed thitjugh a colloid 
mill, perfumed when sufficic'ntly cool, and poui'ed 
into moulds. Powder creams are similar in conr- 
position to vanishing or greasy cri'arns. 

Eyebrow pencil applied for modifying tlu' shape 
and colour- of eyebrows is made from a base 
similar to that of lipstick. The ingrc‘dients usi'd 
ar*e waxes, hydi-ogenaled fats, lamp black, umber-, 
and burnt sienna. A typical formulation con- 
tains; cacao butter, 20; hydrog(*nated coconut 
oil, 20; cen'sin, 35; and lamp black 25L . The 
fats and w^axes are melti’d, colours gi’ound 
in, and th(' resulting mixture passed through an 
ointment mill and moulded into the form of a 
lipstick. Eyebrow, pencils should not break or- 
crumble, and the colour should spir'ad ('asily and 
evenly. 

Eyeshadoxc. used for giving an attractive back- 
ground to the eyes, is made from a C(.)lourless base 
consisting of petrolatum, ceresin, spermaceti, 
lanolin, and mineral oil. The base is melted and 
mixed with zinc oxide and a lake colour, wor kc'd 
in a colloid mill, and poured into ctmtainers. 
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Eyeshadows are made in blue, green, brown, and, 
sometimes, grey colours. They should not be 
greasy, should lend themselves to be spread 
easily, and should be readily removable. 

Mascaras, used for darkening eyelashes, are 
made in brown and black colours, and may be 
liquid or creamy in consistency. Beeswax or car- 
nauba wax is melted, pigment added, and the 
mixture emulsified with an aqueous solution of 
triethanolamine. The resulting emulsion is 
cooled, cured for a few days, worked in a colloid 
mill, and finally filled into tubes. 

Miscellaneous Preparations 

Dentifrices . — Tooth powders, tooth pastes or 
creams, and liquid dentifrices should be able to 
remove accumulations of debris and deposits from 
teeth without causing injury. Certain products 
are claimed to strengthen gums and to cure dental 
ailments. 

Tooth pastes consist of an abrasive or polishing 
agent (35— 45V^), an excipient or binder (45'- 
65^0^ foaming agent (0-5— l-O'/r), lubricant (c. 
1*5%), sweetening material, flavour, diluent, and 
other ingredients to give special properties. The 
binder, sweetening agent, and lubricant are 
mixed, the polishing agent added, followed by the 
foaming agent, flavour, and diluent. The whole 
mass is mixed, worked in an ointment mill, and 
filled into collapsible tubes (deNavarre, 506). 

The ingredients used in the formulation of tooth 
pastes are: (1) polishing apciits— precipitated 
chalk, di- and tri-calcium phosphates, calcium 
sulphate, talc, kaolin, and mica; (2) binders— 
mucilages, sodium alginate, gums, pectins, gly- 
cerine, glycerite of starch, honey or sugar syrup, 
and purified bentonite; (3) foaming agents— soaps 
(from tallow-coconut, olive oil-soda, and palm 
oil), wetting agents, synthetic foaming agents; (4) 
lubricants - mineral oil and petrolatum to aid in 
extruding the paste from the tube; (5) sweetener-- 
saccharin, glycerine, sugar, or honey; (6) flavour- 
ing agents: (7) diluents — water, glycerine, and 
sorbitol syrup; and (8) .special ingredients - potas- 
sium chlorate, sodium perborate, peroxides, pep- 
sin, pancreatin or other enzymes, iodides, quinine, 
salol and other salicylates, medicinal herbs such 
as neem, astringents, stain-removers, etc. 

Tooth powder is composed of a polishing agent 
(88--959r), foaming agent (1 — 10%), sweetener 
(0-1 — 0*2%), and flavour (2%). The ingredients 
for each one of these items are the same 
as those used for tooth pastes. Binders, exci- 
pients, lubricants, and diluents are not used. The 
different ingredients are mixed, sifted through a 
100-mcsh sieve, and packed (deNavarre, 512). 

Liquid dentifrices consist of solutions of non- 
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irritating wetting agents (5—7%), aqueous solu- 
tion of alcohol (25 -35%), saccharin, and colour- 
ing materials. 

Manicure Products . — The principal manicure 
products are nail varnish, cuticle remover, and 
nail white. Nail varnishes used for tinting and 
polishing nails are of the varnish type containing 
nitrocellulose with a plasticizer dissolved in a 
mixture of amyl alcohol, ethyl acetate, and 
isopropyl alcohol. The varnish, when applied 
with a small brush, should spread evenly, adhere 
without cracking, and dry rapidly. 

Cuticle removers are used for the removal of 
dead cuticles by softening. They contain caustic 
alkali in small concentration and glycerine or 
tribasic sodium phosphate. 

Nail whites are used for whitening the under- 
side of the nail tips. They contain pigments em- 
bodied in a salve-like base, the usual ingredients 
being zinc oxide or titanium dioxide, zinc per- 
oxide, petroleum jelly, liquid paraffin, and talc. 
Nail whites should spread easily and evenly, and 
they should be readily removable with soap 
and water. 

Depilatories contain sulphides which attack hair 
keratin. Cream depilatories are made by passing 
hydrogen sulphide through milk of lime (of 
creamy consistency), the resulting product being 
mixed with light calcined magnesia and a per- 
fume. Liquid depilatories are made by mixing 
barium sulphide (6—8%) with water, and after 
vigorous shaking, the decanted solution is mixed 
with 10%> glycerine and a small (quantity of 
methanol. Solutions of 1 -2% sodium sulphide in 
vvater containing glycerine or glycol ether are used 
as emollients and preservatives. Powder depila- 
tories are prepared by mixing 5-50%- of barium 
and strontium sulphides with diluents such as 
kaolin, talc, and starch. They are applied as 
pastes after adding water. 

Lotions . — Lotions are fluid preparations con- 
taining medicaments with the desired action on 
the skin. Three types of lotions are in use: (1) 
those containing gum but no alcohol, e.g., hand 
lotions, bleach lotions, emulsified lotions, etc.; 
(2) those containing alcohol but no gum, e.g., hair 
lotions, astringent lotions, pre-shaving lotions, 
stimulating lotions, body-rubs, etc.; and (3) those 
containing small quantities of alcohol, e.g., skin 
fresheners, cleansing lotions, after-shave lotions, 
etc. 

Gummy lotions usually contain 3%. gum 
such as acacia gum or karaya gum, mucilages 
from linseed or quince seed, and sodium alginate. 
Hand lotions usually contain ro§e water and 
15-25% glycerine, 



Eau-dc-Colognc is a lotion of the second type. 
It is a solution in weak spirit of essential oils such 
as bergamot oil, lemon oil or other citrus oil, oil 
of neroli, lavender oil or rosemary oil. The purity 
and source of the alcohol employed as the solvent 
is an important consideration. Perfectly neutral 
and highly rectified potato spirit is the most use- 
ful for this purpose but treble distilled molasses 
spirit may be substituted. For de luxe products 
maturing for one year is essential but this can be 
rdeuced to one month by the addition of y/t 
benzoin R or ambergris or clary sage oil. A 
typical formula contains the following: lime oil, 
expressed, 5; bergamot oil, 10; Portugal oil, 7; 
Rose oil, virgin, 1; Rosemary oil, 1; Alcohol 90'<, 
1000; and water 100 parts. This is distilled and to 
1000 c.c. a mixture of 2 parts of neroli oil, 0-25 of 
clary sage oil, and 1 part of benzyl isoeugenol are 
added and the product matured for a month 
(Poucher, II, 299). In cheaper types the essential 
oils are replaced by synthetic substitutes. 

Hair lotions applied with massage are said to 
prevent loss of hair. They contain 90^;^ water and 
traces of stimulating medicaments, e.g., balsam of 
Peru, bay rum, borax, chloral hydrate, capsicum, 
cantharides, cholesterol, cinchona tincture, formic 
acid spirit, jaborandi tincture, lecithin, mercuric 
chloride, pilocarpine and its salts, quinine and its 
salts, resorcin and its acetate, salicylic acid, sul- 
phur, tannin, etc. DDT hair lotions are now avail- 
able in the market. Some hair lotions contain a 
solution of castor oil in specially denatured spirit 
with tincture of benzoin to remove the greasiness 
and odour of castor oil. The ingredients are 
dissolved in alcohol, set aside for a few days, and 
filtered. 

Astringent lotions are applied to the face after 
cleaning but before using make-ups, to tone up 
the skin and the cause the pores to close. They 
have a soothing effect on the skin when applied 
after shaving. Lilac, lavender, bay rum, and dis- 
tilled extract of witch hazel when dissolved in 
50% alcohol give lotions of this type. A good 
astringent lotion is made from alum (0-5' f) and 
glycerine (2*5%) in rose water. Calamine lotio;i 
is made from zinc oxide, glycerol, calamine, rose 
water, and sometimes lime water. 

Cleansing lotions loosen impurities without 
stretching the pore openings. They are of two 
types: (1) solutions of cleansing materials such as 
diethylene glycol monoethyl ether and wetting 
agents in aqueous alcoholic solutions, and (2) 
emulsions of mineral oils in water using tri- 
enthanolamine, lauryl salts, etc., as emulsifiers. 
Antiperspirant lotions contain aluminium and 
zinc salts in water. Deodorant lotions contain 
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formaldehyde and its derivatives, benzoin, solu- 
tions of peroxide, and witch hazel with perfumes 
and water (dcNavarre, 287). 

The Indian Industry 

Hair oils, Surmas, and Kajals have been used 
in India for a long time. The use of henna for 
colouring nails and of turmeric powder during 
bath by women for tinting the face and presum- 
ably for preventing hair giowth is widespread in 
India. 

The manufacture of cosmetics is of recent 
origin. The well-known cosmetic manufacturers 
in India are: Messrs. Beunal Cheinical & Phar- 
maceutical Works, Ltd., Calcutta, Smith Stani- 
street & Co. Ltd., Calcutta, Hivuini Ltd., Calcutta, 
Calcutta Chemical Co. Ltd.. Calcutta, E, S. 
Patanwala & Co., Bombay, Colgate Palmolive 
(India) Ltd., Bombay, Lever Bros. (India) lAd., 
Bombay, Geoffrey Manners Ltd., Bombay, Group 
Laboratories (India) Ltd.. Bombay. Mc.s.sr.s. Tata 
Oil Mills Co.. Ltd., Bombay, Swastik Oil Co., 
Bombay, Ramtirth Brahmi Oil Co., Bengal Chemi- 
cal & Pharmaceutical Works^ Ltd., Calcutta 
Chemical Co., Ltd., E. S. Patanwala & Co., and a 
largo number of other firms manufacture hair oils. 

Vegetable oils, soaps, and glycerine required in 
the cosmetic industry are available in sufficient 
quantities. Talc occurs widely in India; the pio- 
duct from Dagotha (Jaipur) is particularly suit- 
able for the manufacture of cosmetics. Natural 
perfuming materials and dyes are also available. 
I..anolin was being prepared in India during the 
war period. Among the imported products used 
in the cosmetics industry are; beeswax, benzoic 
acid, borax and boric acid, precipitated calcium 
carbonate, carbitol, dicalcium phosphate, magne- 
sium carbonate, magnesium silicate, saccharin, 
sodium benzoate, sodium saccharinate. stearic acid, 
triethanoUmiirie, zinc stearate, c‘ssential oils, and 
dyestuffs (Information from D.G.I. & S.). 

The following types of cosmetics are made in 
India: hair oils, hair lotions, pomade, brilliantinc, 
lime juice and glycerine, creams and snows, 
talcum powder, and tooth pastes and powdei'. 

Hair oils occupy the first place* among cosmetic 
products in India. The oil is neutralized with 
caustic soda to remove the free latty acids, de- 
colorized with activated carbon, fiiter-press(‘d, 
and mixed with colours and peifumes. The oil 
and perfume arc mi.xed and left aside* for some 
days. The clear oil is filU'd into dry bottles, the 
mo.st popular sizes bc'ing 1 Ib., fi oz.. and 4 oz. 
Perfumed coconut, til, and caster oils are popular. 
The. perfumes mostly us(‘d foi hair oils are rose, 
ja.smin, champaka, and, to a lessc*r exU'ut, Fougc*re 
and Chypre. The piesent price of coconut and 
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Qtv. 


(1,000 lb.) 

TaliMiiM liowdei’s 

1,<MKS 

CroaiMS 

448 

T'»t»th 

1.232 

Teotli powdor 

330 


♦rnroi'inulinii fi’iim ]),(}. I. it S. 


ciistor hair oils is Rs. 2-8-0 lo Rs. 8-4-0 per lb. 
(1 lb. boltlo) and Re. 0-10-0 to 1-2-0 per bottle 
et)ntaing 4-6 oz. Mirunal oils are eoriinion adul- 
terants ol‘ vegetable hair oils. 

Indigenous methods of hair oil manufacture are 
extant in certain localities. In Kanauj, flowers of 
Bel (Aeijle inarmelos), Chameli (Jasrninum spp.) 
and Kewda {Pandanns teclorvis) are spread 
between layers of sesamum seeds, spent flowers 
being replaced from time to time by fresh ones. 
The seeds saturated with llie flower perfume are 
expressed, and the oil sold either as such or after 
dilution with popular variidies of vegetable 
oils. In south India hair oils are prepared by 
soaking aromatic roots and spices in vegetable 
oils. The aromatic mixture has the double action 
of perfuming the oil and of stimulating growth 
of hair. 


Lime juice glycerine is a hair preparation 
manufactured in India. It is obtained by the 
emulsification of a mixture of lime water and 
liquid paraffin with glycerine, and perfuming the 
emulsion. 

Face powders are produced in limited quanti- 
ties in India; talcum powders are, however, 
manufactured in considerable quantities. The 
manufacturers obtain supplies of talc and other 
ingredients in the ground state, mix them together 
in suitable proportions, and pack them in attrac- 
tive containers after perfuming. 

Tooth powders with chalk base, and tooth 
pastes are manufactured in small quantities. 
TJpsticks, manicure preparations, eau-de-Cologne 
and other lotions are produced in the country. 

Production and Trade 

Table 3 gives the approximate annual produc- 
tion of cosmetics in India. 

Statistics relating to the production of hair oil 
are not available. The total production in the 
bigger factories is estimated at 7 million bottles 
per annum. 

Imports . — Tables 4 and 5 give imports of cos- 
metic products into India from U.S.A. and U.K. 

Table 6 gives the imports of toilet requisites in 
recent years. In the Sea-Borne Trade, cosmetics 
arc not separately listed but the item toilet requi- 
sites includes almost all the cosmetic articles and 
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Value (1,000 lb.) 



1030 

1040 

1041 

1043 

1011 

1045 

Dt'iital oreaiii.s 

337 

217 

51 

430 

100 

200 

Ollier dentifrices ^ 

15 

H 

7 

2 

31 

13 

Talcimi ])()Mder 

133 

74 

15 

1 

123 

152 

Face coiujiai’t pnwdcr 


12 

0 



107 

Cold cream 

03 

30 

12 

41 

181 

71 

Vnriisbinji; cn*ain 

00 

10 

13 

50 

203 

60 

Otli»*r crenin«, lotioiirf, and 
balniH 

12 

10 

0 

23 

30 

i.^. 


*t 

4 

15 

(a) 

0 

12 

Lipstick^ 

!) 

8 

r» 

(*0 

04 

133 

Other c(»sin(<tics 

3 

2 

2 

23 

I 

3 

IMnn ic u ri pro) >ara t i « )n.s 

.32 

23 

10 


10 

54 

Depilat«»i ioM and doodorauts 

3 

2 

1 



2 

Hair pre|)aratioriM 

41 

31 

18 

143 

561 

101 

Porfuines and toilet jU’oducts 

5 

5 

0 


(a) 

4 

Other toilet pi, pariitioiis 

0 

13 

5 

16 

7 

12 


(n) noj»li^;iblo oi’ ., Aiiniml Spooinl No., 10*12; Radon & Piokor, Table 25. 
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TABJ.K 5.— IMPORTS OP COSMKTK^S PJR)M XT. K. 


Qty. (l.ooo ll».) Vuliio (l,()0o !C) 



1042 

1943 

19M 

1915 

J94tl 

1912 

194,3 

1911 

191.7 

1919 

Tooth pAHto and powdor ; 
liquid proparatioiis for 
doiit id piii'poHos and 
mouth wawlios. 

70-0 

ir>5*3 

074-7 

497-3 

74S-1 

I.5-9 

2t»-;i 

122 -.3 

91 ■(> 

123. ;7 

Toilot puato or powdor i 
toiloL oroam ; Iipsti»‘k, 
rou^ro, and groaao- paint-. 

502 -o 

99 -,5 

395-7 

1,277*7 

.3,9,77 •() 

71-9 

II -.7 

.75- 1 

22.7. I 

Iso -.7 

Bath aaltH and osaonros ; 
amolling Halts ; acoiitoil 
Sttdiota, aiul propai’od 
I’ullor’s oarth. 

44 1 

1 • 1 

9*0 

ISO 

.51-4 

t-2 

n -1 

l-.l 

3.0 

5 -.7 

Othor ])i’opAratioTia for 
uao on tho face, hair, 

«>r body 

.^l!l-4 

1 IS-9 

244-9 

S24 - S 

1,299- 1 

72- 1 

Id-9 

3( > • .7 

inj -9 

2 11* .3 


TABLE IMPOBTS OP TOILIOT BKOl’TSTTKS 
(lakli J{h.) 


1944 45 

99-9 

1945 49 

149-S 

1949 47 

292 ' 2 

1917 4S 

3<i7’9 

1948-49 

42*9 

1949 59 

112-9 


hence may be taken as an indication ol’ imports of 
cosmetics. 

COTTON GINNING AND BALING 

Seed cotton or kapas, as harvested, contains 
both lint and seed, the latter forming about two- 
thirds of the weight of kapas. The lint is attached 
to the seed rather tenaciously, and the ginning 
process employed for separating the two is so 
designed that little damage results either to the 
seed or to the libre. 

The ginning industry is of a seasonal character. 
The season follows closely the harvesting of 
cotton and varies in different regions. It is 
September— April in Punjab, Madras, and U,P., 
October— June in C.P. & Berar and Khandesh, and 
February— April in Gujarat. The factories in 
Hubli (Bombay State) work intermittently 
throughout the year, though the major part of the 
cotton is ginned soon after the cotton harvest. 
The ginning operation is not carried out through- 
out the year, as the quality of cotton suffers at 
the high temperature prevalent in summer and 
short staple cottons cannot be storcxl for long 
periods. The total number of working days in 
the ginning season is about 150; in some areas it 
does not exceed 100. 

The bulk of gins and presses arc distributed in 


the black cotton soil tracts of Bombay, C.P. 
Beiar. A few art* located in Madras and Punjab. 
The main ginning and pressing centres in India 
are: Bornhay — Hubli, Palej, Viramgarn. Hhulia. 
Dondaicha, Jalgaon. Pachora, Chalisgaon, and 
Broach; C.P. & Berar -Amraoti. Buldana, Akola, 
Nagpur, Nimar, and Wardha; Madras — Tirupur, 
Ramnad, and Bellary; and Punjab -Amril.sar. 

The number of ginning factories in India 
was 1,225 in 1919 and 1,941 in 1946 (Table 1). 
There are more ginning factories than are 

TABLE I. (jrxs AXI) PRESSES l\ INDIA* 

A\ . no. of 

X<>. uT juTsniis 

/ — — — - ^ cfni'Iuyi'a 



P.>2!t 

1939 


t.iily (P.)b;) 

MadraH 

3!t.7 

173 

Isl 

2a..7TS 

Boinbny 

97s 

93 1 

19!) 

21 !)79 

Jlorigiil 

19 

S 

<; 

i:s9 

1-. P. 

‘»9 

7«» 

12 

l.‘)99 

Runjiil) 

31 Cl 

;ti 1 

(al 

I9..7SO 

Bihar and Drissn 

1 

1 

1 

49 

(’. P. and Bri ar 

<117 

393 

3.31 

21,173 

Assn 111 

1 

:i 

.3 

320 

Ajinrri'-Morwjirji 

2ti 

21 

1 .7 

1,2<U 

Jlytlornhad 

221 

i(;s 

191 

13.7.32 

Myson» 

27 

21 

1.3 

977 

Bn rod a 

1.32 

1 12 

99 

S,.7.".2 

(.Vnlral India Statrs 

2(i3 

.2.7S 

173 

S,4I7 

Rajput ana Stidrs 

II 

12 

27 

2, SO 7 

Hoinhay States 

27 

2!l 

2!) 

2,202 

Wostrrii India Stidrs 

92 

<19 

91 

4..S9.S 

Total 

2,919 

2,r,l3 

1,911 

l32,h}S 


Jivinbaif (.'vault, Ann,uul (ii) not omiliihlu 
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necessary to delint the harvested crop. To elimi- 
nate unhealthy competition, which is likely to 
develop under such conditions, a system of pool- 
ing has been adopted in din’erent areas. Accord- 
ing to the system, ginning is carried out in a few 
factories, selected by turn, the others being kept 
idle. The charges for ginning are standardized. 
A part of the collection sufTicient to cover the 
actual cost of ginning and pressing is retained by 
the working factories, and the remainder is 
handt'd over to the pool. At the end of the season 
the accumulated amount is divided pro rata 
' among member gins. 

Gin owners in Khandesh and Madhya Pradesh 
are not usually traders in cotton. They undertake 
to gin cotton for customers at a fixed rate. In 
Gujarat, ginning is carried out mostly by cotton 
merchants who purchase seed cotton from far- 
mers, gin it in their factories, and sell the ginned 
product to spinners and exporters. There are a 
few large-sized establishments in Bombay en- 
gaged in ginning and exporting baled cotton. 

Ginnhip.— Cotton is ginned, on a cottage indus- 


try basis, in the Charkha and the Foot Roller. 
The charkha gin, the accepted forerunner of the 
modern roller gin, consists of 2 small rollers about 
a foot long, one of iron and the other of wood, 
each with one end turned into an endless screw 
and so geared that when the wooden roller is 
turned by a handle, the other turns in the 
opposite direction. When seed cotton is fed 
between the rollers the fibres arc drawn forward 
and torn away from the seeds. 4—5 lb. of ginned 
cotton fibre can be turned out from one charkha 
by one worker in one day. The foot roller gin has 
become practically obsolete though still in use in 
a few places. It consists of a flat stone (square or 
round), on which cotton is spread and the seeds 
pressed out by the rolling action of an iron roller 
(c. 18 in. long) tapering towards the extremities. 
One worker can turn out 4 6 lb. of clean cotton 
in one day by using this appliance. 

The percentage of seed cotton treated in indi- 
genous gins is small. The bulk of cotton is ginned 
on a factory scale by power-driven machinery. 
Two types of gins are employed, roller gins and 
saw gins. Roller gins are more common. In 1926, 
there were 64,141 roller gins and 94 saw gins 
operating in India; in 1935, there were 73,920 roller 
gin units and 107 saw gins. The latter are said 
to be more suitable for ginning American cottons 
than for indigenous cotton varieties. 

The ginning machines are provided with a pre- 
cleaner for removing trash, leaf, hull segments, 
dust, etc., and for opening the matted locks of 
kapas. The cotton is opened by breaker rollers, 
spiked cylinders, or lickers-in as the case may 
be, and the dust sucked up by a fan or taken away 
by a screw conveyor along with other trash. The 
seed cotton is fed either through a chute or by a 
lattice feeder. 

The gin most commonly used in India is the 
Macartiiy gin. The rollers are made up of a series 
of circular compressed washers cut from leather, 
wood, cardboard-cum-coir, paper, etc. The roller 
presses against a fixed doctor knife blade, while 
a beater knife moves up and down close to the 
doctor knife and overlapping it over an adjustable 
distance called the overlap. In the double acting 
gin two beater knives, which rise and fall alter- 
nately at equal speeds, arc provided. The feeding 
arrangement in a single roller gin is a fixed grid, 
and in a double roller gin, a grid with a recipro- 
cating motion. The fibres are drawn in between 
the roller and the doctor Imfe, while the seed, 
separated by the reciprocating action of the beater 
knife, falls through the grid into a box. The ginn- 
ed fibre moves out on the other side of the revolv- 
ing roller. 
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The saw gin (brush type) is equipped with 
60—70 saws arranged on bars in sections of 5. 
The cotton entering the machine is carried by the 
saw teeth until the seeds come into contact with 
the ribs of the gin, when the saw strips off the 
fibre from the seeds. A revolving brush removes 
the fibres from the saws, and as it rotates at a 
high speed, creates a blast of air which carries 
the fibre along a flue to a condenser. The seeds 
pass down a chute at the opposite side of the 
machine. In a second type of saw gin used in 
India, air blast, created by a pressure fan, removes 
the lint from the gin. The motes are separated 
from the fibre by the centrifugal force, and the 
air nozzle is so positioned that the air does not 
interfere with the dropping motes. The lint is 
carried through the flue to a condenser in which 
the fibre is retained on screens. The seeds drop 
into a ditch provided for the purpose. 

Considerable work has been carried out at the 
Technological Laboratory of the Indian Central 
Cotton Committee on the comparative efliciency 
of pre-cleaning machines and on the effect of such 
factors as overlap setting, roller speed, etc., in 
roller gins, and rate of feed, saw speed, etc., in 
saw gins, on the quality of ginned cotton. The 
following conclusions have been reached: 

(1) The maximum output per hour is obtained 
by the use of Hardwicke-Etter opener for the pre- 
cleaning operation. This extracting and cleaning 
machine consumes the least amount of power, 
and removes the largest amount of trash in most 
cottons, except in the short staple varieties. 

(2) The output per hour is the highest, and the 
power consumed is the least in saw gins. 

(3) In 9 cottons out of 12, the output per hour 
from a saw gin increases and the power consum- 
ed decreases when the saw speed is increased. 

(4) The ginning percentage in most cottons 
tends to be higher in roller gins than in saw 
gins. 

(5) In the double roller gin, high output is com- 
bined with low consumption in most cottons with 
5/16 in. overlap. With Urnri Bani, 6/16 in. and 
5/16 in. overlaps gave the same output. The best 
outputs were obtained with 6/16 in. overlap in 
ginning Jarila, 1/4 in. overlap in Mollisonu 6/32 
in. and 7/32 in. overlaps in Smd N. R. 

(6) In the single roller gin, the highest output 
and least power consumption were secured with 
3/8 in. overlap in 5 cottons out of 12. For ginning 
Surat 1027 A.L.F, 3/8 in. and J in. overlaps gave 
the best results; 4/16 in. overlap for Urnri Bani 
and W(u;ad, and 5/8 in. overlap for 289F/K 2,5, 
gave the highest outputs. 

(7) The yarn strengths of different cottons are 
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TAHLK 2.^ 

aiNNIN(J 

PKTU'ENT.Vl 

iKS OI>’ <'()T’l’OMSt 

Coituii 

Season 

iSrtw yin* 

Double 
roller gin 

Single 
roller gin 

JayawafU 

' 1943-44 

2(1-4 

27*() 

27 • 2 

Surat 1021 

A.L.F. 

1041-42 

:i2 4 

33-4 

33- 1 

If 

1943 44 

:u-o 

.34-8 

34-4 

Wagcai 

1942-43 

34- 1 

3(1 -7 

3.3 -3 

Jarila 

1942 43 

31-2 

.33*2 

32-8 

Verum 

1949-41 

27*8 

29-7 

29-5 

It 

1941-42 

27-9 

29-9 

29-8 

Umri Bani 

1942 .43 

25-4 

27- 1 

2(1 •(> 

Qaorani 6‘ 

1943 44 

28-8 

39-4 

29 S 

('amhodia Co.2 

1943-44 

33 (1 

.35-3 

.34-9 

Avoriigo 


1 

31-8 

312 

t Sen, Technol. Bull., 

Indian Colt. Comm., 

Ser. A, 


No. 7I». n)4:i,4. 

• If iillowiiiifo i« iniVilo fur partially ginnoil sooda lofl. in t ho 
H*)od l>u.v uf Iho aaw gin, tlio ginning porfonlwvgo would ho 
incTt^aHud by (^- 5 %. 

influenced by the type of gin employed. Thus 
Stirat 1027 A.L.F. and Punjab American 4 F give 
stronger yarns when treated in the saw gin; 
Wagad and Uinri Bani yield stronger yarns when 
ginned in the double roller or single roller gins; 
and Jarila and Mollisoni give stronger yarns 
when ginned in single roller gins (Ahmad, 
Technol. Leafl, Indian Colt. Comm., 1944-45, Nos. 
7—20). 

Table 2 gives the ginning percentages (i.e., 
weight and number of hairs, and seed weight) of 
standard Indian cottons. 

Pressing . — Ginned cotton is maiketcd in the 
form of pressed bales. The cotton is passed 
through an opener and beaten by machine or 
hand to separate extraneous material. For trans- 
porting ginned cotton to pressing factories, loose 
bales — Boras or Dokrahs- are made by pressing 
cotton into sacks and trampling. Each bora con- 
tains 200—300 lb. of cotton. Compressed bales 
are made in scrc.w presses, hydraulic presses, or 
geared presses. Hydraulic presses operated by 
steam, gas, or electricity are commonly used in 
India. They consist of hydraulic cylinders, baling 
chambers, and loose cotton boxes arranged in one 
line. The backward stroke of the ram of the 
hydraulic cylinder draws the cotton from the 
loose cotton box into the baling chamber and the 
forward stroke of the ram compresses the cotton, 
which is then wrapped in hessian and secured by 
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Fifi:. f»7. — Ginned cotton pressed into bales 

hoops. While the cotton is hein^ com pressed in 
the baling chamber, the loose cotton box is filled 
and kept ready lor th(’ second backward stroke 
of th(* ram. As many as 50 bales (each of 400 lb.) 
are prcssc'd in an liour. The main types of presses 
used are Ilod^art press, Nasmyth press, and 
Cummirie press, Ihi* size* of bales pr(*ssed being 
re'speclivi’ly : 51A in. x201 in. x hS.l in., 4cS in. x 
Hi in.xlOi in., and 49 in.xlO.^J in. xl8^ in. There 
is a considerable variation in the weight and 
density of bales. The usual weight is 1^92 lb. net 
(wt. of hi'ssian and hoops, lb.) and density, 
40 Ib./c.ft. 

Jute hessian is generally used for baling. 
Expei imental trials on the practicability of using 
cotton cloth as bale cover have been carried out 
in the Cotton Technological Laboratory, Bombay 
(Nanjundayya & Ahmad, Tc.chnoh Bull. Indian 
Cott. Conirn. Ser. A, No. 09, 1943, 1). 

Th(* ginning and pressing of cotton is regulated 
by the Cotton Ginning and Pr essing Factories Act, 
1929. Accord' ng to the provisions of this Act, 
balers are requir’ed to mark the bale distinctively 
and in serial number, so that if any fault is dis- 
covered in a particular consignment, even at a dis- 
tant date or place, it could be traced to the baler. 


In a few pr’cssing centres, a municipal tax of 
1—2 annas per bale is levied. A cess of 2 annas 
per bale has been imposed on all cotton exported 
or consumed by mills. Unbaled cotton is subject 
to a cess of 6 pies per 100 lb. The cost of ginning 
in important centres in C.P. and Bombay varied 
between Rs. 2-8-0 and Rs. 6-8-0 per bale during the 
period 1933-36. The present cost of ginning and 
pressing of cotton is Rs. 20- 22 pc'r bale. 

Table 3 gives the quantity of cotton baled in 
India during the 11 years ending 1948-49. 

Table 4 gives the quantity of cotton baled in 
dilTerenl States. 

The figures for cotton pressed do not cover the 
entire cotton crop. Ginned but unpiesst'd cotton 
and kapas are utilized for hand spinning and 
making quilts and mattresses, for which data are 
.lot available. 

By-product Lintkrs 

Cotton seed from ginning factories bears about 
2G by weight of short fibres known iir the trade 
as Fuzz or- Lint(*is, which can be i*xtracted and 
utilized in industry. The di'linting machines em- 
ployed for the separation of linters work on thi* 
same principle as the saw gin except that the* saws 
have finer- teeth and are set closer together-. 
Thr-ee types of machines are in use in India — the 
Continental, Carvers, and Verner machines. In- 
digenous delinting machines are also u,s('d. Usual- 
ly 40-80 lb. of linters are extracted from one ton 
of seeds, but a yield of 200 lb. is possible. All 
cotton seeds, however, do not bear' (‘xtractable 
linters. Seeds separated from the fuzzy varieties 
of cotton, viz., P.A. 2H9Ft4’,k 289FIK2!}, Cambodia 
Co3, and Upland Gadag are used for extracting 
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lintois (Tlioria, Techiwl. BiiU, ludicw Colt. 
Covun., Ser H. No. .S4, 194:^, 17). 

The production ol' ungraded linters was started 
in India in 19:i(). A few ginning factories and 
cotton seed oil companies, including Messrs. 
Govindravi S(d:sari(i Oil Mills, Ilyderabad, 
Messis. VolJcarl United Press Co., Mirpurkhas, 
Messrs. B.C.G.A. (Punjab) Ltd., Khanewal, aiid 
Birla Cotton Factory. Okara, have installed saw 
gins and produce ungraded cotton linters. Thi? 
production befoie the War was estimated at about 
15,000 bales (of 400 lb.) of linters. It is estimated 
that 75,000 bales of linters could be produced 
a.inually in India (Rep. Panel. Paper. Pulp, Board 
and Chemical Cotton Itidiisiries, 1947. 25). 

PurifK'd cotton linters constitute a valuable raw 
material for paper, plastics, rayons, lacqums, 
explosives, and other industrial pioducts based 
on cellulose. Three qualities of cotton linters 
are produced in U.S.A. vi/.. First cut, Second cut, 
and Mill run. The yield of first cut varies 
from 20 to 75 lb., that of second cut. from 
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100 to 200 lb. p('r ton of seed. A fourth type, 
known as Hull fibre, consists of fu/./. tenaciously 
attached to seed coats or hulls and is (’Xtracted 
from decorticated or whole sc'i'ds in special 
machines (Rep. Panel, loc. cit.). The U.S. I)(‘p. of 
Agricultuie classifies linters into 7 grades accor- 
ding to length, colour, character, and amount 
of trash. The first grade contains a fail- 
proportion of fibres which can be spun and 
it is utilized for spinning low grades of 
yarn nMpiired in tlu* manufacture of mats and 
ileece-lined products. Grades 2, 3. and 4 are used 
for stu.'ling mattresses, pillows and cusliions, and 
for felts. Grades 5, (), and 7, refei red to as Chemi- 
cal Grades, are used for the? manufacture of 
chemical cotton. First cut lintin- gives grades 1 
and 2; mill run, grades 3 and 4: and the second 
cut, giadi's 5. (). and 7 (Thor i a & Ahmad, Te.chnol. 
Bull. Indian Colt. Comm.. Scv. H, No. 34, 1943, 19). 

COTTON MILL INDUSTRY 

The cotton mill industry with a capital invest- 
ment of Rs. 73 crores is the biggest industry 
in India. It utilizes 42 lakhs bales of cotton and 
provides I'mploy merit to over 4,r)().000 workers. 
It is the largest exporting industry, contributing 
about Rs. 14 crores to tlie national income. From 
the point of view of cotton consumed the Indian 
industry occupies the second placi', and from the 
point of view of installed capacity of spindles and 
looms, it occupies thi‘ fifth placi‘, among the tex- 
tile industries in the world. 

The first cotton mill to be started in India was 
the Boirreah Cotton Mill Company. Calcutta, in 
1318. The first cotton spinning mill in Bombay 
was established in 1851 and in Ahmedabad, in 
18.59. By 1801, there were in all 9 cotton mills 
in India. Thi? growth of the industry suflered 
temporarily as a result of increased export of 
raw cotton^ to Lancashire during the years of the 
American Civil War. 38 mills were started, 
mostly in Bombay State, during 1870-85. The 
introduction of mechanical improverni'iits. sucli 
as the substitution of the Ring Frame for the 
Mull* in spinning, and the Revolving Flat Card 
for the Rollei- Card, gave a further impetus, and 
more mills were erected with new machinery. 
Kxc('pt for a lew temporary setbacks due to 
famine's and plagiU'S during 1885 - 1900, the indus- 
try progresse'd steadily. The fall in the* exchange 
value of the rupee during 1873-97 and the inaugu- 
ration of the Swadeshi Movt'inent in 1895 favour- 
ed the growth of th(' industry. In 1899-1900, 
there were in all 193 mills with 4,945,783 spindles 
and 40,124 looms representing a capital invest- 
ment of Rs. 20 crores. 
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During the period 1900-39, several cotton mills 
were set up in upcountry districts. World War I 
gave a fillip to the industiy when demand for 
cotton manufactures increased and imports were 
restricted. The wartime prosperity continued up 
to 1932. This was followed by a period of de- 
pression which lasted till about 1937-38. At the 
time of the outbreak of World War II, there 
wen? 389 mills in India with 10,059,370 spindles 
and 202,464 looms. 

The war gave a further impetus to the indus- 
try which expanded rapidly to meet the increased 
demand for cotton manufactures resulting from 
the stoppage of imports and heavy Army orders. 

Table 1 gives data relating to the growth of 
the Indian cotton mill industry during the first 
half of the twentieth century. 

Location and distribution . — In the earlier 
stages of the industry considerable quantities of 
coarse yarn were being spun and exported to 
China and Japan. Bombay, the biggest cotton 
market in India with ample facilities for export, 
was the exclusive centre for yarn production and 
trade till 1877. With the rise of Japan as a pro- 
ducer of cotton manufactures and the loss of the 
China market, Indian industry turned its atten- 
tion to the production of cloth. The location of 
mills was guided more by the proximity of con- 
suming centres than by facilities for export. 
Ahmedabad rose into prominence owing to its 
nearness to the cotton growing tracts and big 
markets. The development of hydro-electric and 
other power projects in Madras and U.P. gave a 
tiillip to the industry in those States. During 
1921-39, the number of mills outside Bombay and 
particularly in Madras, Bengal, U.P,, and Central 
India increased by 101, while the increase in 
Bombay was 31. During the period 1939-47, the 
number of mills outside Bombay increased by 31, 
the new mills being located mostly in Madras 
and Bengal. The industry is now well distri- 
buted all over the country. 

The shift of emphasis from spinning to weav- 
ing in the Indian cotton mill industry will be 
apparent from the figures giving the proportions 
of* spindles to looms in various years. In 1900-01, 
there were on an average 121 spindles for every 
loom; in 1918-19, the proportion was 57 spindles 
to one loom, and in 1938-39, 49 spindles to 1 loom. 

Bombay holds the leading position among the 
States in the Indian cotton mill industry. Out 
of 408 mills in the Indian Union in 1947-48, 
209 were distributed in Bombay, the principal 
centres of production being Bombay, Ahmedabad, 
and Sholapur. Most of the mills are engaged in 
both spinning and weaving. 
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No. of 
.Mills 

No. of 

Hpindl(»M 

No. of 
looms 

1JMHM>I 

193 

50,06,030 

41,180 

1904 -05 

197 

51,03,480 

50,139 

1909-10 

203 

01.95,071 

82,725 

1914 -lr»* 

272 

08,48,744 

1,08,009 

1919 20 

253 

07.03,070 

1,19,012 

1924 25 

337 

85,10,033 

1,54,292 

1929 :io 

348 

91.24,708 

1.79,250 

1931 35 

305 

90,85.175 

1,98,807 

1938-39 

389 

100.59,370 

2,02,404 

1939 40 t 

388 

100,(>5,785 

2.00,(>70 

1944 45 

417 

102.38,131 

2.02,388 

1945 40 

121 

103.05,109 

2,02,814 

1910-47 

423 

103,53,973 

2,02,002 

1947 48t 

408 

102,05.811 

1,97,409 


*Fiji;!irr« prior to 1 {114- 15 aro for yoars oinlin^ Juno ; siib- 
Bocjuoiit liguri.’rt artj for y(>ar.s rinJing .‘list .August. 
fFroin 1939-40 onwanlH, Hunnii uml Oylon aro o\‘*lu<lo(l. 
tFor Indian Union only 

The growth of the cotton mill industry in 
Madras has been remarkably rapid. In the 2 
decades following 1929, the number of mills in- 
crf?ased from 12 to 73, and the number of spindles 



Fiff. 68. — Progress of cotton mill industry 
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Fiff. 70. — Pro«:ress of cotton mill industry 
in Bombay Island 

and looms from 4,40, 3f)() and 3,139 to 16,30.054 
and 7,976 respectively. The important mill cen- 
tres are Madras, Madura, and Coimbatore. The 
industry is mostly concerned with spinning, and 
out of 73 mills, 47 are engaged solely on spin- 
ning; the average number of spindles per loom 
for the whole State is 204. 

In West Bengal, cotton mills are distributed 
in 24-Parganas, Howrah, and Hooghly. 12 mills 
with 5,71,886 spindles and 10,443 looms are loca- 
ted in Kanpur. There are 11 mills in Madhya 
Pradesh (M.P.) including the Empress Mill at 



Fiff. 71. — Pro/ii:ress of cotton mill 

industry in Ahmcdabad 
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Fijir* 72. — Progress of cotton mill industry 
in the rest of Bombay State 


Nagpur with 5 units. The number of spindles 
and looms in M.P. is 2,97,584 and 5,378 respec- 
tively. Punjab is important as a producer of 
cotton; there are only 4 cotton mills in the State. 
Other important mill centres are Delhi, Indore, 
Baroda, Bangalore, and Mysore. 36 new mills 
(West Bengal. 14; Madras, 8; Bombay, 3; M.P., 3; 
Mysore, 3: IJ.P., 2; Travancore, 2; and Orissa, 1) 
were under construction in August 1948. 

The cotton mill industry now represents a 
capital investment of over Rs. 73 crores; of this 
about Rs. 37*8 crores (52' ;) is invested in Bombay 
State. The paid-up capital (in lakh Rs.) of mills 
as on 31st August 1948 was distributed as fol- 
lows: Bombay Island, 1,931 8; Ahmedabad, 898T; 
rest of Bombay State, 95()*1; Kajputana, 158-1; 
Berar, 89-6; M.P., 288 3; Bihar, 20-1; Hyderabad, 
134-8; Central India, 277-7; West Bengal, 
376-3; Punjab, 14-8; Delhi, 309-3; U.P., 543-2; 
Madras, l,i08-9; Travancore, 9-4; Mysore, 130T; 
and Pondicherry, 61-1. The cotton text iU- 
development plan envisages the erection of 75 
new mills. 2 mills came into production in 1948, 
10 reached the production stage in 1949, and 19 
arc in the process of erection. 

Table 2 gives details regarding the cotton spin- 
ning and weaving mills in the different States. 

Raw Matkrial 

Colton .^ — Prior to the partition of the country 
the cotton used in Indian mills was mostly home- 
grown. A small quantity of long staple cotton 
was imported from East Africa and Egypt for 
the production of fine yarns. Indian short staple 
(below 7/8 in.) cotton is suitable for spinning 
yarn up to 16s warp or 20s weft. About half the 
output of medium staple cotton (7/8 in. — 1 in.) 
can be spun to 24 30s warp, and the remaining 
half for spinning 16— 24s warp. There are two 
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TABLE 2.— COTTON* SJ^INNlNa AND WEAVING (UIst AUGUST 19ts)§ 


Bombay 

Nnmbor 

of 

mills 

Nnnibor of 
spindloM 

Niiinbur of 
luuins 

Avura;?u 
nuinbor of 
work«-i’H 

Cotton ronsiiinod 
(baluH of 3* ,5 i‘wt .) 

Bombifcy City and 

bo 

2s,bb,iriO 

0.’»,880 

l,.!i,7!)l 

!2,29,44(» 

Aliiiiodabud 

74- 

IS,47.:«SS 

42,810 

70,240 

0,24,208 

Jiost of Bomliav Statu 

70 

12,9.3,S22 

2b,,j07 

b7,t>00 

5,On,9K4 
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8,401 
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bS.148 

1,174 

4,130 

39,370 

M. P. 

7 

2,97,3Sl 

r,,378 

17,709 

1,37,322 

Bihar 

•> 
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and luoni'^ a« oil 1st January llK'iO was .*Jb. 

L 1.0.V)l,4r>.5, 

aiul 1,91,495 i 

‘rsp:'«‘l is i-ly . 


strains of long staple cotton ( > 1 in,) grown 
in the country, suitable for spinning yarn of 
higher counts. Those are the Pun jab / American 
2H9FI43 and 289FIK25 (staple length, IJ, in, 

- 1 in.; spinning capacity, 30s. warp or 40s 
weft), and Co.3 and Co.4 (staple length, 'A in. 

Ij\. in.; spinning capacity, 40s warp) grown chielly 
in the southern districts of Madras State. The 
estimated average production of Indian long 
staple cotton is less than 400,000 bales (392 lb. 
net/ bale) (Mahta, Indian Colt. Grmving Rev., 
1947, 1 , 8). 

Since the division of the country, the position 
has changed. The only long staple cotton avail- 
able at present in the Indian Union is the 
Cambodia cotton, ihv. total production of which 
during 1947-48 was 120,000 bales as against ihe^ 
total production of 2,116,000 bales of cotton during 
the same period (Sen, Technol. Bull.. Indian 
Colt. Comm., 1949, Ser. A, No. 72, 2). 

Out of 3,811,000 bales of cotton used in the 
mills in 1938-39, 3,151,000 bales (82-5%) were 


produced in India and the rest was imported.* 
The industiy expanded considerably during the 
war, and in 1944-45 the consumption of cotton 
reached 4,887,996 bales. The consumption 
decrea.sed in later years and in 1946-47 the mills 
used 39-4 lakh bales out of which 38 6 lakh 
bales (98' r) were consumed in the Indian Union; 
of this 2T4 lakh bales were grown in India, the 
remaining 17 2 lakhs bales being obtained from 
Paki.stan (10-2 lakh bales) and other countries 
{Bombay Cotton Annual. 1947-48, No. 29, 47). The 
import from Pakistan was mostly long staple 
cotton. 

The mill consumption of cotton during 1947-48 
was 42 lakh bales, cnit of which about 28-6 lakh 
bales were drawn from sourci*s within the coun- 
try. Th(' production of Indian cotton in that 
year was only 21 2 lakh bales, out of which 8 
lakh bales of short staple cotton were exported. 
It will be thus seen that there is a .severe short- 
ages of cotton for the mills and the requirements 
during 1947-48 were met by drawing lu'avily on 
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TABLE 3. COXSL’MPTION OF COTTON TN MILLS* 




( balra ) 




liKlian 

rakiHtaii 

Other foreij^ri 

3'olal 


fottoii 


ootton 


1941 42 

‘J,sr>3.247 

1.000,201 

500, 7S5 

4,430,233 

1942-43 

.3,029, 770 

1,300,929 

404,522 

4,855,227 

1 943-44 

2,S54,255 

1,344,051 

033,071 

1,831,977 

1944 -43 

2,991,707 

1,253,007 

54.3,222 

1,887,990 

1945-4« 

2,0im,900 

1.201,504 

004,050 

4.503.174 

19 in 47 

2.144,071 

l,olO,S30 

095, OS 1 

3,857,488 

1947-48 

2.8ri3,450 

723,210 

024,210 

4.210.882 

1948-49 

3.123,915 

410.950 

719,705 

4,254.0.30 


•Figllro^^ prior to 19*^0 17 rolato to consumption by millH in 
nn<liviil(Ml Tntiia 


the carry over with the mills and the trade. 

Table 3 gives the consumption of cotton in 
Indian cotton mills. 

Table 4 gives the consumption of different 
varieties of Indian and foreign cotton in Indian 
mills. 

Imports of cotton are subject to a revenue duty 
of 2 annas per lb., but are exempt from customs 
duty if the cotton imported is the produce of 
Pakistan. In order to encourage exports of fine 
and superfine cloth of Indian manufacture, the 
Government of India have recently announced 
their decision to grant, for the present, a rebate 
of import duty on foreign cotton entering into 
the production of such cloth. The rebate will 
be paid at the fiat rate of 2 annas per lb. on the 
net weight of all export of ‘Fine’ and ‘Superfine' 
cloth, as defined in item No. 12 in the First 
Schedule to the Central Excises and Salt Act, 
1944. The concession came into effect from 1st 
Feb., 1950. 

Towards the end of March 1948 an agreement 
was reached between India and Pakistan for the 


TABLE 4. CONSl MlTlONiOF 
IiKlianJCottoii 


Variety 

1947-48 

1948-49 

Bengal De«lii 

140,393 

109,027 

Oomra«i (short staple) 

279,129 

200,203 

(lumms (long staple) 

1,013,392 

1,099,708 

Bnrj (Ariiorifftn Hcie<l) 

15,157 

42,002 

East Punjab Amoriean 
modinni staple 

* 

13,471 

WesteniH/Noi’t herns ; 



(a) Ordinary 

85,729 

87,083 

(h) Farm . 

122,155 

139,1.38 

Co*-oriinlaa/W arangal 

12,990 

35,805 

CompfiV^ and U 2 >landa 

1 70,575 

197,384 

( ^amhod i as/ Ti n ne ve 1 lies/ 
Saleins 

309,449 

205.200 

Surti 

150.704 

122,469 

Broadi. 



(a) Fair ata 2 )lo 

48,227 

80,085 

(1)) Farm 

124,048 

254,129 

Dholleralis 

377,922 

307,001 

Other Italian 

13,580 

8.024 

Tolal 

2,803.450 

3,123.915 

*lnelude<l iimler W. 

1 'iinjab American 

(modiuin staple). 


AN AND FOBEKJN COTTONS 

Foroipi (\>1toii 


Variety 

I047-4S 

1918-49 

Egyptians 

sn.-JiG!!? 

325,850 

Sudan Egyptians 

8l.l).)3 

52,5.39 

Sudan Anioricaris 

7,S17 

7.581 

E ist Afrieaiis 

ins.ai'i 

1 85,907 

Afghans 

2,835 

834 

Americans 



(a) Peruvians 

21,281 

20,932 

(1>) Other Amori^’aiis 

5,183 

61,731 

Belgian Congj) 

2,701 

773 

West Punjab Doshi 

t 

4.475 

West Punjab American 
(iiu'diiiin staple) 

l!)!t,4n3 

07,757 

West Punjtib Am(‘rican 
(long staple) 

312,24!) 

154,587 

Sind Aniori»ian 
(medium stalde) 

22,154 

10,754 

•Sind Airi'Tiean 
(long stuplo; 

189,351 

17.3.383 

Other Foreign Cotton 

2,275 

3.558 

Total 

1,347,432 

130.721 


umlor B(*ngtil D<*sJii. 



exchange of cotton for cloth. Pakistan agreed to 
supply G50,U00 bales of cotton in lieu of 300,000 
bales of cloth. The actual receipts were 363,749 
bales of cotton; Pakistan purchased only 200,000 
bales of Indian cloth. During ' 1949-50 Pakistan 
agreed to supply 450,000 bales of cotton but India 
could not purchase the cotton as the Pakistani 
rupee was over-valued by 44S in terms of the 
Indian rupee. 

On account of the shortage of cotton, a few 
Indian mills had to close down. Steps are being 
taken to grow suitable varieties in India. The 
target of production for the season 1950-51 is 36 
lakh bales. 

Small quantities of rayon yarn are used in 
Indian cotton mills for borders and stripes in 
cotton piecegoods. Staple fibre is also used to a 
small extent for mixing with cotton, e.specially 
for tapestries. 

In addition to fibres, large quantities of chemi- 
cals and related materials required for sizing, 
bleaching, dyeing, printing, and finishing are 
consumed by the cotton textile industry. Table 
5 gives the quantities of chemicals and sizing 
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TAJiJ.E r,.— C’llKMlC.M.S cV Sl/I.\({ MA’rKlUAI.S 

(tons) 



liUi) 

11U7 

Talltjw 



(‘hiiui t'liiy 



C«uiiis r4ts‘ii.s 


ijao 



;i,i7i 

'I'apiixn 

:),7U!> 

I,7ur> 

Kluur 

r»,ss:j 

i;i,7'.»."» 

Otlior stm*<‘]ios 


Il.!>70 

Ziiif 


:isi 

m ill 


I,!»S7 



1117 

soilai 

LMJ.S.ll 


Snilu axil. 

l.l.iiTr, 

U.Oi»0 

JUoju'liing povvtinr 


.s.s:,7 

Sudiiim liN'droxiilpIiiti 

7r,r> 

!H»S 

(Amiinon salt. 

1l\4U 


(.‘ultuirH 

l,17S 

O') 


*tSrrond of Munufurhuun, India — /??//', 

(ai) nut uvJiiMo 



Fig. 73. — Scutching, the final process in cleaning and opening of cotton 
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materials consumed by the Indian cotton textile 
industry during 1946 and 1947. 

Manufacture 

Cleaning . — The cotton which comes to the mill 
in large bales is cleaned by passage through Bale 
Breakers, Openers and Scutchers or Pickers, or 
through continuous blow room machinery. The 
bale breaker tears into small pieces the hard 
knotted lumps of cotton from the compressed 
bale. During the process dust, dirt, leaves, 
stems, etc., are shaken loose and the partially 
cleaned cotton passes to a mixing stack, whence 
it goes to the opening equipment in which it is 
further opened up and freed from impurities by 
beaters. The breaker scutcher which follows 
produces a bioad sheet of fibre in the form of a 
lap. The laps are fed to intermediate and 
finisher scutchers to secure homogeneous and 
clean laps. 

Carding . — The laps fiom the blowroom are 
passed through carding machines which open and 
clean the cotton further and eliminate a part 
of the short fibres. During this process complete 
fibre to fibre separation takes place as rapidly 
revolving fine wire points fixed on a cylinder 
carry forward fibres from the laps against a 
scries of slow revolving flats covered with still 
finer points. The thick lap is drawn out in a 
thin layer or web. The carded web is removed 
from the cylinder by a dofTer and drawn into a 
sliver, c. I in. diam., by passage through a 
trumpet mouth, then between calender rollers, 
and finally delivered through a coiler where it 
is laid in superimposed coils in slowly rotating 
roving cans. 

Combing . — The bulk of cotton yarn is spun 



Fig. 74. — Carding of cotton 


from carded slivers; for medium and fine count 
yarns (45 50s and above) the sliver has to be 
combed in which operation short fibres, if pre- 
sent, are removed and cotton freed from neps 
and particles of foreign matter which may not 
have been eliminated in the earlier operations. 
Combing is necessary particularly for long staple 
cotton.s, e.g., Sea-Island, Egyptian, East African, 
and the better grades of Indian cotton (Technol. 
Bull., Indian Colt. Comm., Ser. A, Nos. ' 27 & 

44). For feeding the card slivers to the comber 
several card slivers are first converted into a lap 
by combining and driving them through a sliver 
lap machine comprising drawing rolle'rs, calender 
rolleis, and lap-formers. The laps aie doubled 
and drafted in a ribbon lap machine, the lap so 
obtained being fed to the comber. In .some mills, 
caided sliveis are pa.ssed through one head of 
drawing machine before they are fed to sliver 
lap machines. 

The es.sential parts of the comb are: 'a device 
for intermittently feeding a fringe of either the 
sliver or ribbon lap, an arrangement of combs 
which pass through the fringe at thi? right time, 
a rear combing arrangement and a means for 
piecing up succe.ssively combed fringes. The 
combed web is passed through a trumpet mouth 
and a pair of calender rolls; the slivers from 
dilTerent heads are supi'rimposed. drafted in a 
draw box, calendered, and coiled in cans. 

DratiHng.~~S\x or eight slivers from the card- 
ing engine or the comber are doubled and drawn 
out in a Draw Frame consisting of set^j of rollers 
rtwolving at dilTerent speeds, thereby drawing 
out and parallelizing the tibres further and 
combining theip into a single sliver with the same 
diameter as the original sliver. The slivers are 
put through the drawing heads 2 4 limes ac- 

cording to the quality of cotton. The final sliver 
passes through a pair of calender rolls, then 
through a coiler, and is laid in a can ready for 
the slubbing frame. 

Houing . — The slivei* is passed through Flyer 
or Speed Frames to straighten the fibres, to 
parallelize them, to reduce the size of the sliver, 
and to impait sullicient twist so that it may be 
maintained in continuous length, without break- 
ing while winding and unwinding in .speed frame 
bobbins. The speed frame consists of the slub- 
bing frame, the intermediate frame, and the 
roving frame and, for long staple cottons, a fine 
roving or jack frame. The sliver is drawn through 
a set of drafting rollers, twisted by flyers, and 
finally wound on bobbins. The intermediate 
frame receives the slubbing bobbins, the roving 
frame receives the intermediate bobbins, and in 
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Fig:. 75. — Cotton .spinning; mules 


both cases, more drafts and consequently more 
twist is imparted. 

Spuming . — The drawn out roving is spun into 
the finished yarn on a ring spinning frame or 
on the mule. In ring spinning, the darwing, 
twisting, and bobbin-winding all take place simul- 
taneously and continuously. Three lines of rol- 
lers are employed and, as in speed frames, a 
draft is introduced for drawing out the slivers. 
The principal parts of the ring frame are the 
drawing rollers, the spindles, the ring, the thread 
guide wire, .separators, and travellers. Yarns up 
to 100 counts can be spun conveniently in a ring 
frame. The yarn from the drawing rollers 
passes through an eye directly over the centre 
of the spindle and is drawn to the traveller on 
the ring, which is a circular flanged track within 
which the spindle is centred, and from there to 
the bobbin on the spindle. The spindle which 
revolves at a high speed causes the traveller (a 
semi-circular piece of steel) to revolve at almo.st 
the same speed as the spindle itself. Each revo- 
lution of the traveller puts a twist on the yarn 
and the bobbin winds up the spun yarn from the 
rollers. At the same time the ring moves up 
and down as the frame runs which causes the 


.spun twisted yarn to wind on to the bobbin in 
an ascending and descending .spiral giving a uni- 
form yarn package on the bobbin. 

Mule spinning consists of tliit'e distinct opera- 
tions in S(‘quence, vij^., drafting and twisting, 
backing off, and winding. The action is inter- 
mittent, the drawing and twisting being stopped 
while the twisted yarn is wound on baie spindles 
in succe.ssive layers to forni the cop bottom, 
parallel body, and top of the* cop. Mule spun 
yarn is said to be .softer, fhmer. more iwen, and 
more suitable for knitting and other pinpo.ses. 
The resulting cop can be u.sed diiectly, whereas 
yarn from ring bobbins must bc» anvound on 
warper’s bobbins or leeled into hanks or ski’ins. 
The mule is a large machine about 10 ft. wide 
a.id 140 ft. long, of wdiich about 130 ft. is taken 
up by the spindle. A weft mule may have up to 
1,380 spindles and a warp mule, 1,130 .spindles. 
The machine's are arranged in pairs for conveni- 
ence in handling. Mule spinning is well adapted 
for yarns of low counts. 

Doubluig.— For some purposes two or more 
threads have to be combined by a process of 
doubling. The ring bobbins are wound on 
flanged bobbins or upon straight or tapering 
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Fig. 76.- 

spools in the winding frame, and placed in the 
creel of a doubling or twisting trame in which 
the yarns are twisted together into one thread. 
The yarn may be singed by passing over a gas 
flame at a rapid rate to remove all projecting 
fibres and to impart lustre and smoothness. 

Warp and Weft yarns . — Yarn required for the 
warp should have a greater twist than that for 
the weft as it is subjected to considerable fric- 
tion and strain during weaving. The weft or 
filling yarn is ready for use immediately after 
spinning, and is rewound straight from the 
spindles or cops on shuttle bobbins. It is reeled 
only in special cases for bleaching or dyeing. 

The warp yarn is normally sized and rendered 
strong. Sizing also imparts a feel to grey 
piecegoods, and gives weight and appearance to 
cheap qualities of cloth. The warp is sized in 
a slasher. The packages are mounted on a creel 
and the warp yarns are wound on a beamer. 
Warp from a series of beamers is passed through 
a size box, squeezed between rolls as it leaves the 
size box, ani wound on a drying cylinder for 
drying. The dried warp is carried to the warp 
beam of the loom. Hank sizing is employed for 
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Warping; 

coloured and bleached yarns, and for grey yarns 
required for fancy coloured wovep goods. Filling 
yarn is hank sized when required. 

The principal sizing agent is starch. Gums, 
.softeners, penetrants, preservatives, loading 
agents, etc., are added. Thick boiling starches 
piepared from maize, sago, potato, tapioca, rice, 
and wheat are used for sizing. Maize, and sago 
starches are often chemically treated to produce 
thin boiling starches. Tamarind seed powder was 
employed as a sizing substitute for starch which 
was in short supply during the war period. 

Softeners are added to keep the size from rapid 
drying, to give flexibility and pliability to the 
starch film, to provide surface lubrication, and 
to increase the penetrability. The principal softe- 
ner used in textile sizing is tallow. Other fats 
and some vegetable oils rendered soluble by 
sulphonation are also employed. A number of 
proprietary softeners are available in the market. 
Gums toughen starch films, and yarns treated 
with gum-containing sizes possess good 
strength. 

Penetrating agents — soaps, sulphonated oils, 
organic surface active chemicals — are used in 




Fiff. 77. — Back beams ready for sizing 

sizin|4 compositions containing insoluble or un- 
cmulsitiablc ingredients. 

To prevent mildew and bacterial growth oti 
cloth, preservatives -copper sulphate and chlo- 
rides of calcium, magnesium, and zinc — are added 
to sizing mixtures. Proprietary softners gene- 
rally contain preservatives. 

Ineit loading agents are added to give wc’ight 
and body to cloth. China clay and talc are 
usually employed as lilleis in warp sizing. 

Weuinng . — Power looms are commonly used 
lor weaving in Indian cotton mills. Sized warp 
yarns are wound on the warp beam at the back 
of the loom. The warp ends are drawai through 
the heddle eyes of healds, the number of which 
is determined by the design to be wmven. The 
warp ends pass through a reed, as wide as the 
fabric to be woven, consisting of a flat wire comb 
fixed in a frame to the cloth beam. The healds 
split the warp into two groups, upper and lower. 
During w'eaving the liarnesses lower and raise 
the two groups of threads alternately thereby 
forming a shed or V-opening through which the 
shuttle passes. The reed .sei’ves to space evenly 
the yarn ends and to beat the filling yarn or pick 
into the preceding weft yarn. It also acts as a 
backrest to the shuttle dui ing its passage across 
the cloth. 

During weaving the warp yarns arc unwound 
from the warp beam and the woven fabric is 
wound on the cloth beam continuously. Throe 
processes arc involved in the w('aving operation: 
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shedding, picking, and bealing-up. When the 
loom is in motion, the harne.ss moves up and 
down rapidly, thus making a slu'd of alternate* 
warp threads for the passage of the weft yarn. 
The shuttle rmrying tlu' w('ft yarn is propi'lled 
at a high speed by the pickei- stick througli the 
slu'd across the cloth. Tin* shed is now closi'd 
and the reed pushes the loose pick or tilling vain 
up against the previous w'eft yarn to form the 
fell of the cloth. This siuiuence of shedding, 
picking, and bealing-up is ri'peated ovi'r and 
over again at a high spc'od (oO 2()() tinu'S per 
minuti') till the cloth to be wovc'ii is finished. 
The number of picks pi'r inch, and lu'nct' the 
compactness of the cloth, di'i^i'nds on tlu* take-up 
motion. The pattern is contir)lled by llie mi'thod 
of lacing the* warp and weft threads, which again 
depends on the number of harnesses ('inployed. 
In the sirnph'si type of w'oave, 2 lu'alds aii* list'd 
so that altei-nule yarns au* diawn thrt)Ugh t*aeh 
heald resulting in half the ends bcMiig up and 
half dow'n alternately as the shuttle passes 
through the sht'd. Foi- intrieatt' patterns more 
than twm healds an* rt'ctuired, and a Dobby loom 
may contain up to 2(1 ht'alds. 

Three types of looms are in use: plain loom, 
dobby loom, and Jacquard loom. In the plain 
loom up to 7 healds can b(‘ used. The dobby 
loom is used for the production of tigured wi'aves 
and patterns. Jacc|iiard loom is list'd for more 
complicated weaves and large pattc'ins. The 
jaccpinrd head allows individual warp threads 
tt) be lowered or laised by a st'iit's of hooks to 
form the shed. The patterns are woven by 
means of jaetjuard cards which are punched into 
holes depending on the design. F]aeh card re- 
presents one filling or wi'ft in Iht* fabric, and as 
many cards arc used as art* leqiiired for one 
repeal of the pattern. 

Out of 2 lakh power looms installed in 
Indian mills, only TOO are automatic. There art? 
a few obvious defects in the operation of the ordi- 
nary power lt)(»m. The loom has to be sto[)pi'd 
every few minutes for rt'ph'nishing the wt'ft in 
the shuttle. The wt'aver has to ket*p a constant 
W'atch over the w\u}) to detect irnperfectitjns, i)ar- 
ticularly breakages. When the imperfection is 
detected the loom'shoultl be stopped, the yarn 
nu'nded and drawn through I Ik* heald and ret'd, 
and weaving resumed. In tlie automatic loom, 
the W'oaving is continuous, Ihi* weft being sup- 
plied from a battery of shuttles or pirns which 
are kept charged. Automatic looms are piovided 
with a mechanism which stops the loom imme- 
diately a w’arp thread breaks. The introduction 
of the warp stop motion has en:ibled the weaver 
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to manage a large number of automatic looms. 
Tayoda automatic looms made in Japan are used 
in some Indian mills. Automatic looms are also 
made in India. 

Weaves and Designs . — Three fundamental 
weaves are employed in cotton textiles — plain 
weave, twill weave, and satin weave. All other 
weaves are variants of these fundamental weaves. 
Plain weaves are used in the manufacture of 
calico, long cloth, cambric, mull, canvas, crepe, 
voile, nainsook, etc., in which the warp and filling 
threads interlace alternately. The first warp 
thread is over the first pick or filling and under 
the second, while the second warp thread is the 
reverse of the first, completing one repeat of the 
weave on two ends and two picks. Variations 
of plain weave are the rib and basket weaves. 
In the rib weave, a number of warps or a number 
of wefts are combined into one yarn. In the 
basket weave, two or more warp yarns are 
woven with two or more wefts. 

Drill, jean, and certain shirtings are of twill 
weave which gives a strong, heavy, and close- 
textured fabric, .softer and more flexible than 
fabrics of the plain weave. Warps and wefts are 
interlaced in such a way that diagonal lines or 
ridges are formed across the fabric. In coarse 
serge, the weft yarn passes alternately over and 
under two warp yarns. 

A lustrous and bright finished fabric is obtain- 
ed from the satin weave in which more warp 
yarn than filling is used to obtain the lustrous 
side. If there are more fillings than warps on 
one side, the weave is called sateen; mercerized 
cotton fabrics are usually of sateen weave. 

Other weaves in use are pile weave — velvet, 
Turkish towelling, etc., jacquard weave — con- 
taining floral designs and figures, and dobby 
weave — for simple designs and borders. 

Bleaching . — The object of bleaching is to pro- 
duce a white fabric by the elimination of foreign 
substances such as oils, waxes, proteins, pectic 
and mineral matter added during the processing 
of yarn into cloth, and by the removal of the 
natural colouring matter present in the cotton. 
The degree of bleaching depends on the purpose 
for which the cloth is required. For printed 
fabrics a base of extreme whiteness with absor- 
bent properties is required, and the cloth is 
madder bleached. For goods to be sold as 
finished white material, a thorough bleaching is 
not necessary and the woven product is market 
bleached. 

Bleaching involves desizing, scouring or boiling 
in alkaline liquor, and the elimination of the 
natural colouring matter. The cloth pieces are 
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sewn end-to-end in batches of 2— 3 tons. Faced 
cloth like drills, sateens, etc., should be so sewn 
that the pieces face the same way. Shirtings, 
poplins, and cloth intended for printing are signed 
to burn away protruding fibres from the surface. 
This is effected by passing the cloth rapidly 
(100—150 yds. /min.) over red hot copper plates 
or over the flames of gas burners and then 
between the nips of a mangle revolving in a 
water box. The cloth in rope form is steeped 
in vats containing desizing liquor for 24 hrs. at 
35—50° or overnight at 60", when diastatic 
enzymes (added to the liquor in the form of malt, 
mould, bacterial or pancreatic preparations) con- 
vert the starch into soluble products which are 
removed by washing. 

The dosized cloth is steeped in alkaline 
liquor — milk of lime, caustic soda or soda ash 
solution. Milk of lime is used for madder bleach, 
caustic soda for market bleach, and soda ash 
for light scouring. The impregnated cloth is 
plaited down in closed kiers and hot alkaline 
scouring liquor circulated under 10—30 lb. pres- 
sure for 8—24 hrs. This treatment removes all 
impurities. Oils arc converted into soaps, pro- 
terns are hydrolyzed, pectic matter is converted 
into soluble salts of pectic acid, mineral matter 
goes into solution, and unsaponifiablc matter is 
emulsified in the presence of soluble soaps form- 
ed. The scoured cloth is washed with cold 
water, and passed through a washing machine 
containing dil. hydrochloric acid (1— 2‘Tw.) for 
decomposing calcium salts formed during scour- 
ing. The scoured goods are washed and again 
kier-boiled at high pressure with washing soda 
solution (3— 4Vr on the wt. of cloth) and rosin 
soap (U 2% on the weight of cloth) for 3—4 
hrs. to remove the free fatty acids left on the 
cloth. The alkaline liquor is drained out and 
the goods are once again washed. 

The cloth thus freed from cotton wax and 
other impurities is subjected to bleaching or 
chemiking. Calcium or sodium hypochlorite, 
hydrogen peroxide, sodium peroxide, perborates, 
and permanganates may be employed for bleach- 
ing; hypochlorites are more commonly used on 
account of their low cost. Peroxides arc used 
for delicate goods. Washed cloth in the rope 
form is impregnated with the bleach liquor and 
piled up for several hours when hypochlorous 
acid is formed due to the reaction of atmospheric 
carbon dioxide on the hypochlorites, which in 
turn is decomposed into hydrochloric acid and 
oxygen. The nascent oxygen thus liberated 
oxidizes the colouring matter. After chemiking, 
the goods are washed and soured in a dil. 
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solution (1—2’ Tw.) of hydrochloric acid to 
remove calcium carbonate and any residual hypo- 
chlorite. The cloth is washed thoroughly to 
remove the acid. Sometimes the cloth is passed 
through a dil. solution of an antichlor like sodium 
bisulphite prior to the final washing. 

The operations involved in market bleach arc 
for the most part identical with that of madder 
bleach with certain modifications. The cloth is 
not usually singed, and kier-boiling is carried out 
with dil. caustic soda solution (2—3'" Tw.) for 
8-12 hrs. in open kiers or for 2- 8 hrs. in 
pressure kiers. The cloth is washed, soured 
with dil. sulphuric or hydrochloric acid, washed, 
and again boiled with caustic soda .solution (1—2 
Tw.) for 8 hrs. It is then washed and treated 
with bleach liquor. After the final wash the 
goods are pas.scd through a tinting solution of 
indigo to neutralize the slight yellow shade and 
impart a white tint. 

For goods required for dyeing the treatment 
is less drastic. Cloth for dyeing plain Alizarin 
red or Turkey red is given a Turkey red bleach. 
The cloth is not usually singed. The goods arc 
boiled in water for about 2 hrs. and washed. 
The washed goods are boiled twice with caustic 
soda solution and no chemiking is neces.sary. 
The boiled goods are washed, soured with dil. 
sulphuric or hydrochloric acid, washed, and dried. 
Goods to be dyed to medium and light shades 
are given a half bleach, i.e., the goods after 
boiling with alkali arc chemiked in dil. 
bleaching powder solution (0-5" Tw.) for 1—2 
hrs. and washed. 

Fivishing. —The object of finishing is to im- 
prove the appearance, feel, and serviceability of 
the material. The cloth may be treated also to 
impart to it the appearance of silk or linen or 
wool. 

The finish applied to cotton may be pure, 
assisted, or stiffened. Goods required for print- 
ing or dyeing are given a pure finish. The treat- 
ment is mechanical; the bleached cloth is opened 
out, stretched to rectify the width and calender- 
ed. In assisted finishing, binding and stiffening 
agents arc applied to the cloth to improve the 
appearance. For stiffened finishes stiffening 
compositions containing binding, filling, and 
weighting ingredients arc applied to the cloth 
prior to mechanical finishing. Starch is the 
commonest stiffening agent and can be used by 
itself or along with soap, tallow, sulphonatcd 
oils, quaternary ammonium compounds, etc. The 
filling agents are china clay, French chalk or 
talc; Epsom salt and Glauber’s salt are used as 
weighting agents. 
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Before calendering, the cloth is moistened to 
render the cellulose plastic. Different effects 
are produced from calender bowls made various- 
ly from iron, steel, cotton, and paper, and applied 
either hot or cold according to requirements. 
Special calenders with engraved lines give 
Schreiner finish or lustrous embossed finish. 

Sanforization obviates shrinkage of cloth during 
laundering. In this treatment the cloth is ren- 
dered soft and pliable by steam or water sprays, 
the width is controlled to its fully shrunk 
measurement by a fell blanket on a roller, and 
the fabric is longitudinally compressed to pre- 
vent further shrinking. The process can be 
applied to goods in any condition. It renders the 
cloth strong and compact. Sanforized cloth does 
not shrink by more than 1% as a result of 
repeated washing. Cotton drills, suitings, coat- 
ings, tussores, and poplin shirtings are sanforized 
by the Buckingham and Carnatic Company Ltd., 
Madras. 

Among other fi/iishing processes for cotton 
fabrics may be mentioned water-proofing, 
shower-proofing, mildew-proofing, anti-crease, 
and fire-resistant treatments. Special effects are 
produced by the deposition inside the fibre of 
cellulose derivatives, rubber, synthetic resins, 
etc. Urea formaldehyde and melamine formal- 
dehyde arc employed to give an anti-crease finish. 
After the application of the resin-forming compo- 
sition in the appropriate form, the goods are 
cured or polymerized by heating. The? Buckin- 
gham and Cariiatic Company Ltd., apply anti- 
crease fini.shes to suitings, tussores, gaberdines, 
etc,, which are sold under the trade names 
Hanava and Riviera. Cellulose ethers give 
organdie, buckram, and linenized finishes. These 
fabrics are washable. Cellulose acetate is used 
to give stiffness and body to cotton goods. 

Mercerization, or treatment of cotton yarn or 
cloth under tension with caustic soda solution, 
gives a lustrous finish, increases strenlh, and 
enhances affinity for dyes. Scoured goods in 
open width are passed through a concentrated 
solution (.‘)0 -66" Tw.) of caustic soda at one end 
of a special range, allowing it to relax for a short 
distance of its travel, pulling it out to approxi- 
mately its grey dimensions while it is still 
saturated with alkali, and finally washing with 
dilute caustic soda and hot and cold water. The 
mercerized cloth is scoured, washed, and pro- 
cessed as required. Sometimes yarn in hank or 
warp form is mercerized in the un.scoured state. 

Testing. — Tests for quality control during 
manufacture are not carried out as a rule in all 
the Indian mills. Standards for lea strengths of 
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yarn and for cloth const iiiction data --r(?od, pick, 
and count of warp and weft have been specified. 
In the case of special articles, the specifications 
are more detailed and include the breaking 
strength of cloth. 

Production and Trade 

Yarn . — Table () gives data relating to the 
production of yarns of different counts in Indian 
mills. 

In the early stages of the cotton mill industry 
in India, a large proportion of spun yarn was 
of the coarse variety, the* production of yar n above 
40s being insignificant. As the industry develop- 
('d the production of coarse yar n decreased, that 
of 21 -30s steadily increased. In 1938-39, the 
proportion of different yariis were: 1 20s, 52*8; 

21 30s, 2G-2; 31 40.s, 12*9; and above 40s, 

7*0%. In recent years, substantial progress has 
been made in the production of yarns of higlun* 
counts. 

Table 7 gives the production of yarn in differ- 
ent cenli’os. 

Bombay is by far' th(' biggest producer of cotton 
yarn in India. In the openin.;, year’s of the pre- 
sent century more than 70S of Indian pi’oduc- 
tion was conermtrated in that State, the shares 
of the principal producing centres within the 
Slate being: Bombay Island, i57; Ahmedabad, 8; 
and rc.'st of Bombay, 8^ < . With tlu' spread of cotton 
mill industry in other parts of India, the im- 
portance of Bombay as the chief producer of 
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yarn suffered. The shares of various centres in 
yarn production in 1937-.38 w'cie: Bombay Island, 
28; Ahmedabad. 16; rest of Bombay, 7; and rest 
of India, 49"^ . The loss in Bombay’s share was 
mainly in the coarse varieties (<20s), the oro- 
duction decreasing from 284 million lb. during 
1901/02-1903/04 (av.) to 143 million lb. in 
1937-38; irr all other varieties, there was an in- 
crease. The distribution of pr'oduclion of all 
types of vai-n in 1947-48 was: Bombay, 668-8; 
Madras, 171-7; U.P., 113-7; C.P. and Berar, 54-3; 
West Bengal. 44-9; Delhi. 27-0; Ajmer-Merwara, 
13-1; Punjab, 6-9; Bihar, 2-1; and other States, 
227-2 million lb. 

Worsen goods. Table 8 gives the production 
of all woven cottorr goods in India in million lb. 

Table 9 gives the production .of cotton piece- 
goods alone, in million yds. 
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TAi$i,n 8. rjiODTKnroN ok wox jox cO'iton goods 
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Fiff. 79. — Production of cotton picceg^oods 

Theic^ have beoa three well marked periods 
in the development of the weaving industry in 
India. In the nr.st period preceding the close of 
World War I, the production of most items of 
cotton piecegoods increased steadily from year 
to year. During the period between the two 
wars, despite competition from foreign goods, the 
production increased rapidly. The total produc- 
tion in 19IS0-31 was more than twice, and in 1938- 
39 mor(' than lhrici\ that in 1918-19. Compared 
to the pre-war output, the production of dhotis 
increased four-fold and that of coloured goods, 
two-fold. During World War II the output of 
picc('goods increased still further, and in 1943-14 
the production reached the peak value of 4,8V I 
million yards. The production of all woven cotton 
goods in 1949 and the first ten months of 1950 was 
3904-2 and 3028-3 million yds. respectively 
(Monthly Statistics of Production of Selected 
Industries in India). 
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TAI5LM II.— PRODUCTION IN VARIOUS STATUS 
J047 4S. 

(million ydM.) 
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Table 10 gives the production of cotton piece- 
goods at various centres. 

Ahmedabad is the most important producer of 


coloured piecegoods. Both Bombay and Ahmeda- 
bad are major producers of dhotis. The smaller 
mills at Ahmedabad specialize in the manufac- 
ture of coloured piecegoods, and those in Bombay 
are mainly engaged in the production of standard 
types of piecegoods such as dhotis, shirtings and 
long cloth. 

Table 11 gives the production of cotton piece- 
goods at various centres during 1947-48. 

Imports and Exports . — Table 12 gives the im- 
ports of cotton yarn and twist inig India. 
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TAHLK IJ.-^-nil'OHTS OK COTTOX VAKX AXI) TWIS'I’ 
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The imposition of a protoctivo duly on yarn in 
1921 and the abolition of exci.so duly in 1926 
did not result in any substantial fall in the im- 
ports. This is due to the fact that although 
dialing the period of protection, imports of grey 
and coloured yarns of lower and medium counts 
decreased, imports of twists, mercerized yarn, 
and yarns of higher counts increased. The fall 
in imports of counts lower than 40s was due to 
the progress made by Indian mills in spin.iing 
counts between 21s and 40s. 

About 95% of the yarn imported into India 
in 1926-27 came from U.K. and Japan. This 
figure was reduced to 57% in 1931-32 due to 
imports of grey yarn from China which amount- 
ed to about 42% of the total imports. Before 
World War II, Japan and U.K., and to a lesser 
exte'nt China, were the principal exporting coun- 
tries of yarn to India, the shares of U.K. and 
Japan in the imports during 1938-39 being 13 
and 58% respectively. 

During World War II the imports dropped 
rapidly. 41 million lb. were imported in 1939-40, 


8 million lb. in 1941-42, 1 million lb. in 1942-43, 
630 thousand lb. in 1,943-44, 192 thousand lb. in 
1944-45, and 123 thousand lb. in 1945-46. The 
import. s have again increased, the principal ex- 
porters to India in 1948-49 being U.K. and U.S.A.: 
their shares were 49*3 and 17-2^ ^ re.spoctively. In 
1949-50, U.K., Japan, and Italy wine the principal 
exporters, their shares being 43-3, 36-0. and 13-y,r 
respectively. 

Almost all the imported yain is used in hand- 
looms and small power looms. The Tarifl Board 
estimated that out of 31 million lb. of yarn im- 
ported in 1932, 30 million lb. were used in 
handlooms. In .recent years, however, the con- 
sumption of foreign yarn for handloom weaving 
has diminished. Out of the 360 million lb. of 
cotton yarn consumed in 1947 for handlooms, 33 
million lb. (9%) were of foreign origin {Rep. 
Fact Findivq Committee, IlamUooms and Mills, 
1942, 112). 

Table 13 gives the import of cotton piecegoods’ 
into India. 

The imports of foreign cloth into India dropped 
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for the fiisl timo during World War 1, when it 
decreased lo an average of 1,810 million yds. from 
the pi'O-vvar quinqiu'nnium average of 2,017 
million yds. Altliough the imports increased 
after the war, the pre-wai- position was never 
regained. During the three years, 1927/28- 
1929/80, the imports leached 1,900 million lb., but 
with the abolition of excise duty in 1920 and 
the imposition of protective duty on imported 
cotton piecegoods in 1980, the imports dropped 
once again. Other factors wliich contributed to 
the sleep fall in imports were the Swadeshi 
Movement and the general trade depression. The 
imports of grey and white goods fell to a greater 
extent than coloured goods. There was a further 
reduction in imports during World War II. Tn 
1944-45 and 1945-40, the quantities of cloth im- 
ported w(MC' 5-20 and 8-19 million yards respec- 
tively. There is a slight revival of imports 
mostly of the liner varieties of white, printed 
and dyed cloth in which the indigenous produc* 
tion is inadequate. 

U.K. was the principal source of supply of 
cloth to India. Out of a total of 1,788 million 
yds. imported in 1920-27, 1,407 millio.i yds. (82%) 
were from U.K. and 244 million yds. (18U) from 
.Japan. The corresponding figures in 1988-.39 
w(Me 207-5 million yds. (82-8U ) and 424 8 million 
yds. (05 0U ). During the war period imports 
were almost entirc'ly from C.K. During 1948-49 
and 1949-50, over T8U and i of the imports 
were obtained from U.K. which was the 
main source for bleachc'd, coloured, and printed 
goods. 

TabU' 14 ^^ives the exports of cotton yarn from 
India. 

At the beginning of the present cemtury India 


had a large export trade in twists and yarns, 
mostly with China. During the quinquennium 
ending 1913-14, India exported about 201 million 
lb. of twist and yarn. The quantity exported 
fell to about 130 million lb. during World War I, 
and to 82 million lb. in the quinquennium ending 
1923-24. The progi essive fall in c‘xpoi‘t was duo 
to the loss of the China maiket, which drew 
its requirements from Japan. During 1938-39, 
the quantities (in million lb.) exported to various 
countries wene: Burma, 12-4; Hongkong, 8*2; 
Straits Settlements, 5-5; Syria, 3*4; Aden, 1; 
Iraq, 13; Philippines, 1; and Siam, 1. 

During World War TI, there was an increased 
demand for yarn from the neighbouring coun- 
tries and exports increased reaching the peak 
figure of 89-3 million lb. in 1941-42. Since then 
thei’e has been a fall in exports. 

Table 15 gives the exports of cotton piecegoods 
from India. 

Cotton piecegoods valued at £2,128,806 were 
exported from Bombay in 1875 lo Russia, 
America, and China. Dining World War I, the 
average export increased from 90 million yds. in 
the pre-war period lo about 155 million yds. 
During World War II, there was a s,eep rise in 
expoils, the figure for April-June 1943 being 
232S' higher than that in the corrt'sponding 
period in 1941, and a peak export figure of 819 
million yds. was attained in 1942-43 as compared 
wdth 771 million yds. in 1941-42 and 177 million 
yds. in 1988-89. 

In July 1942 the export of piecegoods was con- 
trolled under a (piota system based on exports 
during 1941 42. This step was necessary to ensure 
adequate supplies within the country. The res- 
trictions on exports were further tightened, and 
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TABLE li. -EXrOBTS OV (‘OTTOX TWISTS AND YAUN S 
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4 I * 58 

7.407 .54 

02.203*51 

T.»tnl vfdoo 









tlMldi Kh.) 

111-7 

4(J3-4 

228-05 

140*71 

44* IS 

0*,50 

128*03 

I.I2072 
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•E.\l‘OiiTS 

OF COTTON 

PIECEGOODS 






(1. 

000 yds.) 






1034/35— 

1038/30— 

1044-45 

104.5-40 

19H) 47 

1047-48 

1048-40 

lolo r.o 


1038/30 (av.) 104,3/44 (n 

V.) 






Grey (iinl)lea‘4iod) 

30,470 

104,421 

215,707 

238,1 14 

1.32.872 

08.302 

01,020 

270,080 

Wlii<(3 (blea^'lied) 

0,475 

80,703 

0,3.170 

54,428 

41, .551 

30,781 

00,308 

120.722 

(Jn It Hired, ]>iiiiled or 









dyeil 

S3.S1I 

257,031 

144,142 

101,573 

113,805 

03.310 

182,034 

28O..r,02 

'IViitil 

120.705 

532.815 

423,010 

4.57, 145 

318,318 

102.422 

310.028 

000.000 

'r »tal value 
(InUU K«.) 

354-5 

2,372-8 

3,370-20 

.3,11.55*21 

2,400*21 

l.8(»2 70 

3.025 OS 

5.75S • 8.3 


the pcM-missible maximum was fixed at (iOO ruillion 
yds. per annum. The principal buyers of Indian 
piocc?goods were Australia, Anglo-Egyptian Sudan, 
Ceylon, Kenya, Iraq, Iran, Aden, Arabia, 
Abyssinia, Tanganyika, Portuguese East Africa, 
Mauritius, Madagascar, South Africa, Pales- 
tine, and Turkey. Exports since 1946 have been 
limited to 300 million yds. per annum. 

At the beginning of 1948 exports began to 
decline, due to rise in prices following decontrol, 
and competition from other countries, particularly 
Japan. In 1948, the export (excluding Pakistan) 
was only of the target of 300 million yds. 


In March 1949 Ihi' (jovcMnmi'nt libeiali/ed the 
export policy and the quota for expoits of cotton 
piecegoods was fixed at 1,000 million yds. for 
the period Sept. 1949 to Dec. 1950. Mills were 
encouraged to ship cloth direct. Also, exports to 
new destinations were encouraged. Tlie expoit 
duty levied on cloth was abolished in June 1949 
and restrictions on export of tine, super tine, grey, 
and bleached cloth, as well as cloth of extra width 
were lifted. The devaluation gav(' a furllu‘r tillip 
to export. Exports to Pakistan, however, remain- 
ed low and after devaluation of the rupee her otY- 
takc was further reduced. 




COTTON MILL INDUSTRY 

Tariff. — The tariff on cotton textiles has greatly 
influenced the development of the mill industry 
in India. A 5 '/< duty was levied in 1874 on imports 
of yarn and pieccgoods, and this was gradually 
reduced and abolished in 1882. In 1896, a duty of 
3i/r was imposed on all imported and indigenous 
wwen goods. The excise duty on imported goods 
was raised to ly/t in 1917, and to 11[( in 1921. 
There was no duty on imports of yarn till 1922, 
when a duty of 5%' was imposed. 

The loss of export trade with China, the fall in 
the sterling value of the rupee, Japanese compe- 
tition, and labour troubles, all affected the in- 
dustry after the post-war boom. To counteract 
the depression the excise duty of 3^'/ was 
abolished in March 1926, and in September 1927, 
a minimum specific duty of U annas per lb. or 
5/f ad valorem was levied on imported cotton 
yarn under the Yarn Protection Act of 1927. 

In 1930, the duty on imports of piecegoods was 
raised (under the Cotton Textile Industry Pro- 
tection Act of 1930) from 11/r to IS^c on British 
and 20'; on foreign goods with an alternative 
minimum specific duty in either ca.se of 3^ annas 
per lb. on plain grey goods. In 1931 the duties 
were raised by another 5/?, and a surcharge of 
25',; imposed bringing the scale of duties to 25'; 
on British goods and on foreign goods with 

a minimum specific duty of 4i} annas per lb. on 
plain greys. In Sept. 1931 the duty on cotton 
yarn was raised to 6i' { ad valorem or 1 J annas per 
lb. whichever was higher. 

The question of protection was complicated by 
the Ottawa Trade Agreement of 1932, according 
to which U.K. agreed to purchase Indian cotton in 
lieu of preferences granted to her in the finer 
qualities of piecegoods. As competition from 
Japan continued to increase due to the deprecia- 
tion of the yen, the duty on non-British piece- 
goods was raised in August 1932 to 50'; ad 
valorem or 5] annas per lb. and again in June 
1933 to 75'; ad valorem or 63 annas per lb., and 
the Indo-Japanese Trade Convention of 1904 was 
denounced. This resulted in the boycott of Indian 
cotton by Japan. In January 1934, an Indo- 
Japanese agreement was reached under the terms 
of* which, the duty on Japanese piecegoods was 
reduced to 50' ; ad valorem with a minimum speci- 
fic duty of 5i annas per lb. on plain greys; Japan 
agreed to purchase a fixed amount of cotton 
against import of Japanese piecegoods by India. 
The Indo-British Agreement (Mody-Lecs Pact, 
1933) brought a reduction of duty on British piece- 
goods and yarn in exchange for an undertaking 
on the part of U.K. to consume Indian cotton in 
increasing quantities. 
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The question of tariffs was reviewed by the 
Indian Tariff Board in 1934, and the Textile Pro- 
tection Act fixed the rates of duty in May 1934 
at 5'/; on British and 6)'; on non-British yarns 
with a correspondinng alternative minimum spe- 
cific duty of annas and IJ annas per lb. on 
counts up to and including 50s and at 6*/r and 
ly/f respectively, on yarns of counts above 50s. 
Also, the rates of duty on piecegoods were fixed 
at 25'; and 50'/; on British and non-British goods 
respectively with a minimum specific duty of 
4g annas and 5] annas per lb. on plain greys. 
The duty on all British piecegoods with the excep- 
tion of prints was reduced in June 1936 to 20'; 
with a minimum specific duty of 3i annas per lb. 
on plain grey goods. In April 1939, the Ottawa 
Agreement was replaced by the Indo-British Trade 
Agreement by which the duty on British piece- 
goods was further reduced to 15',; or 2^ annas 
per lb. whichever was higher in the case of grey 
goods, 17 . 2 '; in the case of printed goods, and 15'; 
for others. These rates were subject to a reduc- 
tion of 21'; if imports were less than 350 million 
yds., and to an equal increase if imports exceeded 
500 million yds. In April 1940, the duties on 
British grey goods excluding bordered chadars, 
dhotis, saris, and scarves were reduced to I2y/r 
ad valorem or 2/^^ annas per lb., on printed 
goods to 15',; ad valorem, on printed piecegoods 
and printed fabrics not otherwise specified to 
121 ad valorem, and on other British fabrics to 
12J'; ad valorem. The Indo-Japane.se Agreement 
was extended up to March 1940; the entry of 
Japan into the war made a further extension or 
modification impossible. 

The Indian Tariff Act expired in March 1947. 
The que.stion came up for re-examination by the 
Tariff Hoard and a new schedule of duties on 
imports of yarn and piecegoods (Table 16) was 
formulated. 

An excise duty of 25'; ad valorem was imposed 
on superfine cloth produced by the Indian cotton 
mills with effect from January 1949. The export 
duty of lO'/f' was abolished in June 1949 in order 
to encourage export. 

Control. — During World War II, production in- 
creased at a phenomenal rate due to stoppage 
of imports and increase in demand within the 
country. There was also a demand for Indian 
cloth in Australia, Ceylon, South Africa, East 
Africa, and in the Middle and Near East coun- 
tries. These factors contributed to a sharp rise 
in prices and in April-May 1943 the prices were 
c. 400^ over the pre-war level. A system 
of control was imposed to check the rise 
in prices, to increase production by 
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TABLI5 10.— STAN'DAHD RATKS OK DUTY OX TMPOKTS OK COTTOX YAIIX AXD riKOKOOODS 


I. Twist and Yarn* 
Abovo 5bs 
508 and ])olnw 


IJ. Cotton fabrics (containing inuru than 00 ”0 
cotton) 

(a) (rroy picccgoods (ox<*lii(ling bor- 
dorctl givy <'hndars, dliotis, 
sari« and scat'vcs). 


(])) T*riiito<l piocogoods and fabrics 

(c) Cotton piocogoods ainl fabrics not 
otherwise apo<*i(ioil 

III. Fabrics contHining over 5 O but not 
morn than 90“^, cotton, and not <*oii- 
taining more than 10% silk, or 
artificial silk, or wool 

IV. Fabrics, not otherwise sjjocificd, 
containing not more than 10”^, wilk, i)r 

ariillcial silk or wool, 

50*),', «*ot ton. 

V. Safoena, velvets, velve toons, etc, 

.l*ririto<l 

Others 


British luaniifacl itro 

6% ad valorem 

5“,', ml raloirni or 1 1 annas 
pel* lb. whichov<»r is higher 
phis ono-tiftli of the total 
duty. 


15 Vo ml vahtfem or 2 2 annas 
per lb. whichever is higher 
pluH one-liflh of the total 
ilnty. 

(12JV;, ad vahrrm or o/,, annas 
per lb. whichever i^ higher 
plus oiie-lifth of the total 
<lnty)t 

21 *’,', ad ralorcm{\H% ml valorem)^ 

IS% ad valorem (15% ad valorem)] 


371% ml vaJorvni 


371 Vo ml valorem 


21V<', ad raiorem 
18% adraJorem 


Other than Jlritish 
inanufa<'tnre 

71 Vo ml valorem 

0.1”n ad valorem “r IJ annas 
I-»er II). \vhichev(*r is higher plus 
one lifth of tha t«)tal duty. 


50'*,', ad valorem or .*)] aunas per 
Ih. plus one- lifth of the total 
duty. 


1)1 >% a I valorem 
00 Vi ml valorem 

75 Vo ad valorem 

ad valorem 


12*’,, ad valorem 
•12*^,', nd valorem 


♦Ooveniinent of India, Mini-stry of Finance (Kevonne Division) Xofilieation Xo. 45 Cnslo!n.s, duh'd the 23ril 
Octohor 194s, (\)ttoii yarn is exoiiipt from pa.vmeiit of cnsloins duty leviable thereon. 

i'Govoriimeiit of India, Cunniierco Departini'iit , Xo1iti<'al ion X'». 20T, tinted tiu* 1(51 h April l!U0. 


controlling the supply anti cost of mill stores, to 
regulate the prices of raw cotton, and to super- 
vise the distribution of cloth from mills to re- 
tailers. Under the Cotton Cloth and Yarn 
(Control) Order of June 1943, all cloth produced 
after 31st July 1943 was to be stamped with ex- 
mill and retail prices, and the stocks held on that 
date had to be disposed of before specified dates; 
also the maximum prices for different varieties of 
cloth were fixed. As a result of these measures, 
and the fixation of ceiling prices which were 
revised from time to time, prices of cotton 
manufactures scaled down gradually. There was 
an increase in production although not to the 
extent anticipated, and in the year 1943-44 a peak 
production of 4871 million yards was reached. 


The increase in production was achieved by em- 
ploying multiple shifts, enhancing the bonus to 
workers, reducing holidays and rationalizing of 
production by limiting the types of yarn and 
cloth produced. The control was operated 
through a Textile Control Board, representing 
trade, consumers, labour, and handloom interests, 
which tendered advice to Government through 
the Textile Commissioner. The Board set up sub- 
committees for fixation of prices, production, 
standardization, transport, distribution, mill 
stores, and export. The Cotton Cloth Movement 
(Control) Order 1943 was promulgated with the 
object of regulating the distribution of cloth. 

The wartime control was co.itinued up to the 
end of 1947, when all the provisions excepting 
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the control (iii the distribution of yarn were 
removed. In May 1948, the Textile Control 
Board was n'placi^d by the Ti?xtile Advisory Com- 
mittee which was set up to advise Government 
I'rom time to time on cotton textile policy and 
on various matters relating to the price and dis- 
tribution of cloth and cotton. Production in- 
creased after decontrol, but there was still scar- 
city of cloth and the prices rose to abnormally 
high levels. A partial control was reimposed on 
81sl July 1948 according to which 30 -40% of mill 
production was to be requisitioned for distribu- 
tion on a rationed basis, 20—25% to be sold 
through fair price shops oi’ganized by manufac- 
turers, and the nunainder to be released for sale 
through normal trade channels. Stocks accumu- 
lated in mills due to the inability of buyers to 
lift their allocations, and new measures were 
foimulated for the movement of cloth from mills 
to consumers. 

A frc‘sh scheme for the standardization of cloth 
was iniroduced in January 1949. The production 
control is intended to eliminate non-du table qua- 
lities. and to restrict varieties largely to plain 
grey or bleached utility cloth. 

i’riccs.—Table 17 gives the prices (statutory 
control) of cotton yarn and manufacturers in the 
last week of December, 1950. 

TAMLF.. 17 


Y»i.rii I’rico 

R.s. a. p. 

10s (por lb.) 1 2 0 

I()s ,, 10 2 

20s „ 18 7 

to 


40s 

MaiiiifacturoS 
CU-fV slurtiiig, 

,‘l.‘»''x48 yOs. X 0 lb. (pfi* pioci*) 
Lfopanl cloth 

• 4:r X .V‘ls. >: 11,1 lb. (|>or lb.) 

nhotis with ^rcy 
l/S'^ Xaki bonliM* 

41'^X l(»/2 <2-l,'i/10 lb. (j>of pa.ir) 

(‘oloiirfvl crc'po 
sliirtifij' (I'or .v<I.) 

M 81 nicacluMl 

Mull •tS*' in Avidtli ami 
20 \ iIm. (per p<*ici') 


2 :mi 


14 i:i 0 

1 la 0 


r> 4 o 

on 7 


13 12 o 
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PRICES OF RAW COTTON AND 
COTTON MANUFACTURES 

BASE : W E 19-8-39-100 

RAW COTTON 

300 

JllO 

. OO 

1 

1 

lO'i 

I i1 

• I'O 

COTTON manufactures 

/\ 


300 

/ 

/ 

'Ot' 

200 

/ \ \ 

i 

.'ytj 

• 0 0 


1 '.1 0 


19)9 <940 i!)4) I942 <U4 l <944 <94^ 1946 >U4 r <940 <949 



FiK. 81 

CRAYONS AND PASTELS 

Two types of crayons arc produced in India 

chalk crayons and marking crayons. The? for- 
n.er are used for writing on black-boards, and 
the latter for marking on cloth, cardboard, metal, 
jute goods, glass, and other materials. Pastels 
are used for map drawing and pastel di'awing. 
The making of crayons and pastels is a cottage 
industry in many parts of India. They are pro- 
duced on a large scale in Delhi, Agra, and Kum- 
bakonarn (Madras). 

Chalk Crayons . — The raw materials r'eqiured 
are gypsum, calcium carbonate, and pigments. 
Washed and powdered gypsum, freed fnxn earth 
and other associated impur ities, is heated in iron 
cauldrons to remove water of hydration (lo.ss in 
wt., 15%). The product is powdor'cd and sieved 
(80 — 100 mesh), mixed with water* contain- 
ing gum and bleaching powder, and poured into 
greased brass moulds. When set, the moulds are 
opened and the crayons removed to wire gauge 
trays and dried in the sun. 

For coloured chalk crayons, the ground mate- 
rial is dry-mixed with neutral pigriumts, — red 
ochre, yedlow ochre, Prussian blue (Chinese blue). 
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ycJlow chrome, ultramarine blue, etc.,-- and the 
mixed powder moulded as in the case of while 
chalk crayon. 

The equipment recpurc'd is a t)iass mould in 2 
sections, each section containint^ a number of 
semi-circular grooves. When the 2 parts are 
brought into juxtaposition, a niimbi'i- of holes of 
circular cioss .section are formed. 

Crayois are packed in dealwood boxes holding 
1 gloss pieces. One maund of gypsum gives 8 
gloss pieces of crayon. 

MarkiiKj Crai/ons . — Marking ciayons an' madi* 
in many colours and in many grades of hardni'ss. 
Clay, plaster of Paris, pigments, and dyes are in- 
timately mixed in mixing machines, pasted with 
water a id the dougli squirted thiougli a machine. 
The resulting sticks are dried, and one end 
sharpened. 

Pastfils. The ciref raw matei iai for pastels is 
china clay, which should be neith(‘r too smooth 
nor too gritty. Clay of the r(‘(piired quality is 
available in Gwalior. Delhi, and Bikaner, in 
Bihar and Oiissa, and in Madhya Piadc'sh. The 
clay is washed in tanks to frei' it from gritty 
materials and mica, mixed with neutral pigme.its, 
— red ochre, yellow ochre, ultramarine blue, etc., 

-and made into a dough with water. It is 
kneaded in lolhas and s(iuirl(‘d into thin cylin- 
ders. The cylinders aie sprc'ad over stone slabs 
in li'figths of two fcx't and dri('d. They are 
cut into smaller lengths, om? of the ends shaped 
to a point with a pencil knife, and packed in 
ca rdboa rd ca r' I c.) n s . 

Figures for the production and imports of cray- 
ons and pastels are not available', 

CRUCIBLES 

A large variety of refractoiy materials — clay, 
graphite, alumina, a.sbestos, carborundum, cliro- 
mite, lime, niagne'site, zirconia, thoria. ceria, and 
others — is used in the manufacturi' of crucibh‘S. 
The most important among the refractories is 
graphite; crucibles made of grapliite' which are 
extensively used in the metallurgical industry. 

55% of the world's graphite mined in 1913 was 
utilized for crucible manufacture. The use of 
graphite for this purpose declined in latei' years 
when the steel manufacturing industry dispc'nsed 
with the use of graphite crucibles. In 1933 only 
18% of the mined graphite was used in crucible 
manufacture (Jones, W.R., 55). In recent years, 
graphite crucibles have once again come into 
prominence for melting non-lei rous medals and 
alloys. They are used in India for melting 
yellow metal and coinage alloys. 

Graphite crucibles possess certain advantages 


over fireclay crucibles. They are non-poi'ous and 
therefore do not absorb molten medals as firi'clay 
crucibles do. 'fhe ciucibles have smooth walls 
and permit medals to (low easily. Graphite 
minimizes oxi(lalion of the cliargi* and racilitat('S 
heal transfer. Graphite crucibles do not ciack 
due to suddi'ii thud nations in temfunal me. The 
high thermal and idi'ctrical condiud i\ it ic s, lh(‘ 
high melting point, and spalling resistance make 
graphite the tnaterial pa?’ rrctdlr/n'c for tlie 
manufacture of melting reci-placdt'S. 

Raio ituilenals. — Graphite contains: carbon, 
70 99%; ash. 1 27%; volatile inattei’, small 

quantities. Graphite leiiuiu-d for crucible manu- 
facture should contain at least 35% carbon and 
should be free from mica, pyrites, iron oxide, and 
other non-volatile impurities. Mica is one of the 
most ol)j('cd ionabU' impuiities as it fuse's eluring 
use and cause's pin holes. Carbonates leave 
shrinkage ca\itie*.s. 

Flaky graphite is ust'el lor making e'rucibles as 
it I’e'cpiires le'ss borieling mate'i ial than ame)rphe)us 
graphite for attaining the plasticity re(|uired for 
shaping. The material is gr(?imeJ aiiel graele'el to 
e’e)nform to .spec'ificat ions Ibi’ paitich' size*, loiigli- 
ness of flakes, burning rate', anel packed volume. 
A grade of Madagascar graphite* suitable for 
making crucibles has the following si/.e'-g. ading : 
ove:*r 20 meish, 7-8%; be‘twe*e*n 20 and 3i) mesh, 
65*7%; betwe'cn 30 and 05 mesh. 2*1 -9%; anel 
passing 65 mesh, 1'0%. The speci Heat ions for an 
accc'pted U.S.A. grade are: the* material should 
pass thre)Ugh 20 mesh and be retained em 50 mesVi; 
matei’ial passing through 2(1 iiu'sh anel re'taiiu'd 
(.)n 35 mesh, 75C ; carbe)ii. 30 95S' ; bulk density, 

lOOg. occupy 129 c.c. after repe*ale'd shaking and 
je)lting; sulphur, objectionable in meu’e than 
tj’aces (Johnstone, Iiidnstr. Cficni., 1947, 23, 29). 
Grounei Ceylon giaphiti* salislie*s the re‘(|uire'- 
rne'nts; it is flaky, dense, and contains 93% 
caibons. 

Plastic fiieclay is used as bonding mate'iial. 
The clay should be* liighly plastic and ^losse'ss 
good cove'iing [lowe'r; it should protect gia])hite 
against burning; it should adheie to graphite* ])ar- 
ticle*s and irnpari sullicient gree-n stre*nglh; it 
should be frt'e from impuritie*.s which act as hnv 
melting fluxe*s; it should have adc'fiuate lefiactori- 
ne.ss .so that the crucible may be re'sislant to slag 
action at the t('mp(*ratiii’e of application; it should 
have a long vitrilicat ion range and should conform 
CO the.' Ibl lowing specifications: peire ratio, 1-1; 
modulus of rupture* when fixed with an e'eiual 
volume* of sand. 325 Ib./.sei. in.; vitrification tem- 
perature. ne)t highe*r than l.liH) ; it she>uld with- 
stand firing at 1.40U ; refracte?rine.ss, similar to 
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those of cones 31 and 33 ( 1,690 and 1,730'). A 
mixture of several clays is preferred to a single 
clay. The penetration of the crucible wall by 
clay and metal can be minimized by proportion- 
ing the ingredients so that the particle sizes lie 
within prescribed limits. 

The addition of sand and china clay increases 
refractoriness; excess of china clay, however, 
shortens the life of the crucible. Free silica 
tends to decrea.sc? shrinkage during burning. Grog 
is added to control shrinkage and porosity and 
to prevent premature cracking. Carborundum 
may be added to improve thermal shock resist- 
ance. 

Manufacture . — The proportion of ingredients in 
the mix varies according to the purpose for which 
the crucible is required. A composition usually 
employed contains: graphite, 40 — 50%; silicon 
carbide, 10 20%; grog, 0—5%; and fireclay, 
30-40%. Larger proportions of graphites are 
used in making better grades of crucibles. Water 
is added and the mix homogenized by treading, 
panning, and pugging. The paste is aged or 
soured in a cool underground storage and repeat- 
edly pugged to improved plasticity. It may be 
de-aired by passing it through a double pug mill 
provided with a shredding device and vacuum 
chamber; this improves the plasticity and work- 
ability of the paste, prevents the formation of air 
blisters in crucibles and imparts toughness and 
resistance to abrasion, corrosion, and spalling. 

Crucibles are moulded by hand or are shaped 
on wheels and jiggers and jolleys. They may also 
be pressed and cast. Crucibles of the more 
common sizes arc made by pressing; a stiff mix 
is required for this process. Larger sizes are 
hand-moulded. A soft mix is required for jigger- 
ing, and articles made by this process are porous. 

The shaped articles arc dried under controlled 
conditions. They are usually dried on racks in 
rooms heated to 80 100 ’ by steam pipes or by 
radiant heat from kilns and ovens employed for 
burning the crucibles. After about 24 hours they 
are removed from the racks, sleeked or sponged 
over to give a smooth dense skin and thus the 
burning away of graphite during use is minimized. 
The crucibles are then backed in a reducing atmos- 
phere, the final baking temperature depending on 
the type of fireclay employed. They are arranged 
in saggars filled with coke dust and fired in 
stages. A properly baked crucible emits a clear 
metallic sound when struck. The crucibles are 
taken out of the kiln after cooling, given a coat 
of organic varnish, and stored in waterproof 
covers. 

Sizes . — Graphite crucibles are available in a 


large number a standard sizes designated by 
Dixon numbers. Sizes 0 to 0000 vary in outer 
diameter from IJ in. to 2g in. and in outer 
height from 2 to 3 in. Sizes 1 to 20 have an 
external diameter varying from 3 h -7.i in. and 
outer height of 32 - 10| in. The external 
diameter and height of size 400 is 19-11/16 in. 
and 24-5/6 ii. respectively. Crucibles holding 
75—80 lb. are used for melting steel. 

Indian Industry 

India’s requirements of graphite were wholly 
met by imports from Germany, U.K., U.S.A., and 
Japan before 1939. Crucible manufacture was 
undertaken in the country during the war and 
the industry has since made great progress. The 
principal firms engaged in the manufacture arc: 
The Himalaya Potteries Ltd., Halawali; The Patna 
State Graphite Co. Ltd., Titilagarh; Jhaveri & 
Co. Ltd., Calcutta; The Indian Crucible Works, 
Rajahmundry; and Messrs. Alladin Virjee Nathani 
& Co. Ltd., Bombay. A few factories have been 
recently established at Rajahmundry and Mirza- 
pur. 

The graphite is obtained mainly from Ceylon. 
Deposits of flaky graphite occur in three locali- 
ties in India — Travancore, East Godavari, and 
Patna State. Their carbon contents are low, and 
the composition and structure show great varia- 
tions. Some work has been carried out on the 
processing of Indian graphites to render them 
suitable for crucible manufacture. Processed 
graphite is now utilized in some Indian factories 
(Mazumdar, J. sci. industr. Res., 1948, 7B, 187). 
The grades used are ordinary and medium lump 
varieties with c. 92^ r carbon. Chips containing 
less carbon and dust containing 70—75% carbon 
are occasionally utilized. Imports of graphite 
from Ceylon and subject to a duty of 36% ad 
valorem and imports from British colonies, to a 
duty of 24% ad valorem. 

Graphite is crushed with wooden mallets and 
hand operated stamps and ground in chakkis. 
Jaw crushers and disc pulverizers are t)ccasion- 
ally employed. The ground product is sieved 
and graded. Fireclay grog, binders, carborundum, 
plasticizers, and deflocculants are sometimes 
mixed with ground graphite. 

Crucibles are usually made by hand shaping. 
A wooden or machined cast iron mould and a 
plunger of the same material are employed. A 
known weight of the pasted mix is made into 
slugs by ‘wedging’, placed in the mould and 
rammed with a porcelain rammer. The plunger 
is rotated several times until the ring of the 
plunger reaches the neck of the mould. The 
plunger is swiftly rotated before withdrawing in 


240 



TAIJI.K 1. atl’OKTs 

Oh’ (!l< AI'IMTK 

r!'.< .M r K. 



gty. 

\ ill u« 


) 


I flirty :r.if !!r:r'{ :i!) (ji. ) 

M.-i7 

1 sl.Kiii 

\\m:U) i!M:r i-r (itv.) 

I.IlM 

ir.ii.sni 

l!r*4 

irtSL’ 

7. 77, 1 7.» 

iin.> 4S 


;rsi,-iij« 

i!Mr; 17 


.">.ss rrri.'i 

l‘r47 IS 

(i.lMr 1 

7,:r!r,iM»s 

tins l!l 


I l,(r7,«4t) 

I'.ri'.i Tid 




ol’dcr to ^ive a good finish to the shaped article. 

Baking is ell*ect(?d in potters’ down-draught 
kilns, the final temperature being 900 — 1,000 \ 
The duration ol‘ firing from the drying stage to 
the finishing stage is about 24-30 hrs. 

Crucibles of sizes up to 60 have been produced 
in India and possibilities for producing sizes up 
to 100 have been proved. 

Giaphite crucibles are subject to severe strains 
during use due to repeated heating to c. 1,200‘ 
and rapid cooling. They are also required to 
car ry considerable wtnghts of charge. TIk^ dura- 
bility of crucibles is, therefore, a matter of vital 
importance for* the user. Imported crucibles are 
able to stand as many as 100 heats. The Indian 
products are inferior* in this respect. 

Indigenous crucibles have given reasonably 
good service in the cast iron foundry but have 
not proved so satisfactory in the brass and steel 
found r ies. They burst under load and frequently 
fail due to ‘shot holing'. The latter is probably 
caused by flux concentration at certain points and 
non-uniformity of texture. The failure of cruci- 
bles in brass foundries is due to the penetration 
of the metal right through the walls. Inadequate 
attention to the select iorr of materials and to 
proce.ssing and finishing accounts lor the inferior- 
qualities of indigenous products. 

Statistics r-elating to the pr-oduction of graphite 
crucibles in India are not available. The produc- 
tion is small; the major part of the re(iuirements 
is met by imports from the United Kingdom. 
Table 1 gives the imports of graphite crucibles 
into India. 

CUTLERY 

The term cutlery was originally applied to in- 
clude all sharp-edged cutting tools and appli- 
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ances. During the past one century, the growth 
of the industry has been so prodigious and the 
number* of edged and cutting tools has grown 
so large, that it has become necessary to iestr*ict 
the term to a particular group of appliances. 
Edged instruments and tools such as saws, 
chisels, and drills form a distinct group, and are 
now sepai'ated from cutlery. Certain articles, 
e.g., forks and spoons, though not sharp-edged 
instruments. hav(' been brought into the field of 
cutlery. The industry thus includt’s thi' manu- 
factur*e of sharp-edged instruments such as 
knives, scissors, shears, clippers, razors, .safety 
razor blades, daggers and swords, and articles of 
domestic use like forks and spoons. 

The pi’oduction of high class cutlei'y is predo- 
minantly a small scale industry, and it is stated 
that it cannot be completely m(*chanized. In the 
production of middle-class cutlery there is wide 
scope for- adopting mechanized processes, and in 
the production of cheap lines, ther'e is no room 
for any but mass manufacture to rnec’t competi- 
tion. 

English cutleiy. particularly SludTield cutlery, 
is world famous. The total average number 
of workers employed in the Sheflleld indu.stry, 
excluding outworkers, was 12,()()1 in 1948 [Times 
Rev>. Ind,, 19150, 4(41), 64J. Ger-many was the 
biggest expor ter of cutlery before the war*. Other 
producers are U.S.A., Japan, France, SwH'den, and 
Czechoslovakia. 

The production of cutlery involves three main 
operations: (1) forging of parts, (2) heat treat- 
ment, grinding, glazing and polishing, and (3) 
assembling and finishing. All the oper'ations ar’e 
seldom undertaken in a single establishment. 
Usually the forging of blades is undertaken by a 
.specialist frrrn, and the blades are sold to estab- 
lishments wdio grind and polish the blades, 
assemble the parts, and produce the finish- 
ed goods. Grinding is sometimes undertaken by 
independent workers who buy blanks and sell 
ground and polished blades to assemhhus. 

Kaw Matf.iual 

Tw’o types of cutlery steel are employed, the 
original type (C, 0-3r); Cr, 13-35; Si, 0-2; Mn, 0-35; 
S, 0 03 max.; and P. 0 03% max.), and the modi- 
fied type (C, 0-7; Ci’, 16-5; Si, 0-4; Mn, 0-45; S, 
0-03 max.; and P, 0 ()3'r max.). Articles of cutlery 
made from these steels havi* greater intrinsic 
hardne.ss, and retain the cutting edge longer than 
tho.se from other steels. Both steeJs have a nar row* 
carbon range. Foi’ging becomes difficult when 
the car bon content is inci-ea.sed; hardne.ss decreases 
if the carbon content is lowered. Chromium in- 
tluences the pearlite structure; thus annealed 13% 
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Cr steel containing 0-3^ C is entirely pearlitic, 
i.e., it is structurally the same as a plain high 
carbon steel containing 0*9% C. 

For securing the requisite hardness and lesili- 
ence, it is necessary to subject cutlery steels to 
heat treatment under controlled conditions. 
Table 1 gives the temperature ranges for the 
various operations. 

The stock is preheated and soaked for a consi- 
derable lime in the softening range. It is 
hardened by air cooling or by quenching in water 
or brine. The higher the quenching tempera- 
ture, the better is the stain resistance. 

Tempei'ing is effected in a salt bath or oven. 
Hardened and tempered stainless steels have high 
tensile strengths up to 200,000 Ib./sq. in. The 
properties of a hardened and tempered 0-3% C 
and 13% Cr stainless steel are: B.H.N. (Brinell 
hardness number), 175; ultimate strength, 99,950 
Ib./sq. in.; tensile strength, 65,000 Ib./sq. in.; 
elongation (in 2 in. gauge length), 21* i \ and 
reduction in area, 58%. 

Stainless cutlery steels have high corrosion 
resistance and are not affected or stained by fruit 
and vegetable acids, and by lye or ammonia. 

Table 2 gives the standard British and American 
compositions for cutlery steels. 

Table 3 gives the composition of steel u.sed by 
cutlery manufacturers in Sheffield. 

High carbon steels are sometimes employed in 
cutlery manufacture. They have the following 
composition: C, 0-55 - 0-75; Mn, 0-75 max.; Si, 
0-35; S, 0-04 max.; and P, 0-04% max. 

For forks and spoons, nickel silver (nickel 
brass) is generally used. English table cutlery is 
made from TKckel silver of B.S. 790 grade, and 
most electro-plated nickel silver (E.P.N.S.) cut- 
tery conforms to this specification. 

High grade silver-plated table-ware such as 
knives, forks, and spoons are made from nickel 
silver containing 18% nickel. Nickel silver has 


distinct advantages over other materials for table- 
ware cutlery: when the silver plate becomes 
worn, the spot is not noticeable since the colour 
of nickel silver matches that of silver; nickel 
silver does not work-ha rden as rapidly as other 
alloys and can be worked to a greater degree 
without anneal; it has a high tensile strength, 
hardness and good spring qualities which permit 
Hexing without distortion; a high lustre can be 
given by buffing and the silver plate adheres 
readily with a minimum of preparation [Industr. 
Canada. 1950, 51 (3), 231]. 

High quality stainless steel cutlery is forged 
from round stock. Inferior quality knives and 
forks are made by fabrication methods. The 
stock is hot-rolled to the desired size and 
annealed. Blanks are cut out and heat treated 
to give the required degree of hardness and 
resiliency. They are then ground (wet grind- 
ing in the initial stages, and dry grinding for 
finishing), polished, and mounted in handles. 

A method has been recently developed for pro- 
ducing cutlery blanks from sheet steel by the 
application of heat and hydraulic pressure in 
one process to form the bolster and tang of a 
knife blade. The blanks are produced to precise 
measurements and are suitable for machine 
grinding. They are flat and, therefore, well 
adapted for direct mounting in plastic handles 
[Times Rev, Ind.. 1949, 3(35), 64]. Another 
development is the manufacture of ‘frozen heat’ 
cutlery. Stainless steel knives, which do no: 
need sharpening for at least 3 years, are made 
by what is called the frozen heat process by 
Robeson Cutlery Co. Inc.. U.S.A. The process 
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involves a superheat treatment followed by quick 
frei‘zing. Knife blades are heated to a tempera- 
ture below the melting point, quenched in oil at 
140' F. and placed in a chamber at sub-zero tem- 
perature. After the fieezing period the blades 
aie stress relieved, cooled, and tempered (Me- 
Grate fm Digest, 1949, Dec. 24). 

Indian Industry 

Cutlery is produc(?d in India, on a cottage in- 
dustry basis, in many villages and towns 
throughout the country. The products of certain 
regions — Aligarh, Meerut, and Moradabad in 
U.P. and Kanehannagar in West Bengal -enjoy 
considerable reputation. Data relating to the 
number of units, workers employed, and volume 
of pioduction are not available. In recent years, 
large scale production has been established, par- 
ticularly in Bombay and Calcutta. 

Nizamabad. Wazirabad, and Bhera in Punjab 
are reputed centres of cutlery manufacture. 
The industry has flourished in these places 
since the days of Moghul and Sikh supremacy. 
A few factories, some of them (Hiuipped with 
power-driven plants, have been established in 
Amritsar for the manufacture of table cutlery 
and razor blades (Saini, Manufacture of Cutlery 
and Surgical Instruments in the Punjab, 1936, 5). 

Cutlery manufacture in West Bengal is concen- 
trated in Calcutta, Kanehannagar (Burdwan dt.). 
Ghoorn (Darjeeling dt.), and Shahaspur (Bankura 
dt.). Several small and medium sized fac- 
fories have been recently started in Calcutta. 
Some of them are equipped with modern machi- 
nery for grinding, drilling, polishing, and other 


operations (Ghose, Bull. Dep. Industr., Bengal, 
No. 95, 1940). The knives and scissors made in 
Kanehannagar and Shahaspur are well known. 
The articles produced in these centres are dis- 
tributed from Calcutta. Ghoom is noted for its 
kukris, 

Bombay. Jamnagar, Cutch. Bhuj, Shirohi, and 
a few areas in Kathiawar are important centres 
for cutlery in Bombay Slate. 

Cutlery is manufactured at Aligarh, Meerut, 
Allahabad. Hardoi, Qaimga.ij (Farrukhabad) and 
Shahjahanpur in U.P. The Dayalbagh Industries 
in Agra have been producing a large variety of 
cutlery on a factory scale. The scissors manu- 
factured in Meerut and neighbouring villages and 
in Aligarh are well known. The industry reach- 
ed the height of its prosperity during World War I 
when nearly 2,000 workers WTre employed for 
manufacturing scissors rt'quired in the Army 
clothing factories and in hospitals. Thenv wen* 
200 furnaces, each with an avt'iage capacity of 36 
.scis.sors per day. There are, at present, nearly 
200 furnaces at Meerut, and 100 furnaces in the 
neighboin ing villages of Ruhaser, Pohally, Lohia, 
etc. The pre.seht manufacturing capacity of 
Meerut is nearly 1.000 dozens of scissors of 
differenl (lualities and sizes per day. Spoons and 
forks, knives and sarotas are produced at Morada- 
bad, Meerut, Aligarh. Etah, Farrukhabad, Ram- 
pur, Shahjahanpur, Kanauj, Hardoi, and Kairana 
(Muzafl'arnagai). 

The manufacture of .safety razor blades has 
been undertaken in two factories one located at 
Ujjain and the other at Bombay. One of them Is 
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capable of turning out 80,000 blades per day of 
8 hrs. The present output is reported to be 2\ 
lakh blades per month. 

Scissors are produced on a small scale in 
Travancore. 

Raw Materials 

The raw material generally employed is low- 
carbon shear steel imported from England, 
Germany, and Belgium. It is an inferior grade of 
steel sold in the form of bars. For the manufac- 
ture of high class knives and razors, old and worn 
out liles purchased fjorn railway workshops are 
utilized by Indian manufacturers particularly in 
Punjab, Bengal, and Bombay. The large knives 
carried by Guikha soldiers (kukris) are manu- 
factured from old files at Ghoom (Ghose. op. cit.). 
Broken clock springs are also used. Hoof iron, 
approximating in composition to wrought iron, is 
employed for the cheaper grades of cutlery. A 
small proportion of steel consumed in cutlery 
factories is supplied by the Tata Iron ami Steel 
C ). Diiiing World War II, the industry d(‘pended 
almost entirely upon Tata steel and .scrap steel. 

Tab!(' 4 givej the cotnposition of cutlery steels 
produced by the Tata Iron and Steel Co. 

Iinpo.t(*d steels of charcoal carbon (quality are 
used in the manufacture of safety razor blades. 
They have the following approximate composi- 
tion: C, 1-20 1*8(); Cr, 0-2-0-3; Mn, 0-25 
S, 0-25; P, ()-2rr, and Si, 0-15 -0-25%. 

Many items of cutlery are provided with 
handle:; or hafts. Shisharn wood (Dalhergia sissoo) 
bulfalo horns, ivory, tortoise shell, xylonite, and 
mother of pc'arl are used for handles. Wood and 
horn are available locally; otlier materials are 
usually imported. Stag horn, which is at present 
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exported to U.K., is an excellent material for mak- 
ing handles. Slag hoin handles appear to be 
popular in U.S.A. and Canada on account of their 
good finish and ability to withstand climatic varia- 
tions. 

Brass was used for making spoons and forks 
in pre-war years. They were nickelplated foi* 
use. Nickel silvei’ containing .b% or less nickel, 
was ahso being used. At present nickel silver 
containing 10 — 25' ^ Ni is used for spoons and 
forks. 

Manufacture 

The principal operations involved in cutlery 
manufacture are: forging and hammering, 
annealing, shaping and filing, hardening and tem- 
pering, grinding, polisliing and finishing. These 
operations are ca.iied out in most centres by 
manual labour. A few factories in Punjab. West 
Be:ig:.\l. and Bombay a.e equipped with power- 
driven lathes and machinery for grinding, shap- 
ing, milling, drilling, and polishing. 

The operations involved in the manufacture of 
knife blades, starting with a steel bar, aie the 
following: The? steid bar is healed in a clay fur- 
nace' to the? requisite temperature, beatc'n to shape 
and cut to s'ze. Two experienced workers, work- 
ing 10 hours a day, can tiun out 125 200 blades 
according to size and quality. The blade is 
anrealed by heating to red heat in a low fire and 
cooling slowly. The anni'aled blade is straight- 
ened and filled to the proper form and shape. 
The blade is then hardened by heating to dull 
r(*d heat in a charcoal tire and dipping it in 
vegetable oil or brine. It is tempeied by re- 
heating and slow cooling. The blade is ground on 
rough and line emery whi'cls, finished, and polish- 
ed on leathei’ and cloth wheels (Saini. op. cit., 0). 

For the production of scissors, a piece of iion 
is hammered out and welded to ont' end of a 
piece of steel. The other end of the iron is 
drawn out and bent round to form the handle 
or bow. The blades and handles are hied to 
shape, sharpened on whet-stones, and polished. 
Polished blades of th(' same sizes are rivt'ted 
together to form a pair of scissors. Scissors are 
al.so made by casting. 

Spoons arid Forks.—Fov the manufacture of 
.spoons and forks, nickel silvcu* in ingot form is 
cold rolled into sheets of the required thick- 
ness with frequent annealing at c. 700 . The 
steel is pickled in 10% sulphuric acid contain- 
ing sodium dichrornate (I lb. sodium dichromate/ 
gallon of 10% sulphuric acid). Spoons are 
made from pickled steel either by drop stamping 
or pressing. In the former process the sheet 
should be of the same thickness as that of the 
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centre of the stale. The sheet is cut into strips 
of the desired width, cross rolled at each end (jh 
open ended steel rolls to the thickness nec('s- 
sary for thi’ spoon k)owl and stale c^nd. Strips 
for forks are also cross rolled at the stale end 
and prong end. Blanks are cut from th(' strip, 
one at a time, in a blanking press; in the case 
of forks till' prongs aie pierced leaviiig a pio- 
jecting bar across. The blanks aie thi'n drop- 
stamped. The stales are stamped fust. Spoon 
bowls are dished in stc'e! dies and bowled in a 
steel punch in a zinc bed, while forks are prong- 
ed and bent in one operation. 

In the pressing method, the sheet is lolled to 
a gauge corresponding to the tlii.mcst [lortion of 
the stale. The sheet is then sheaied to llv' 
required width and fed to the blanking press 
at eacli stroke of which two blanks are formed. 
The middle portion of the stale is thickened by 
.slightly reducing its width in a friction press 
at about 40 tons/sq. in. pressure. The blanks for 
spoons an* rolled in two stages to the correct 
gauge and width of thi* bowl in rocker rolls. An 
intermediate annealing is given during this 
operation but spoon blanks after final rolling 
are not generally annealed so that they may 
remain haixi and springy. The bowls are next 
clipped to shape in a power press followed by 
sliaping in a friction press. The stales are 
pre.ssed first, followed by the dishing and bowling 
operations. In the case of forks, the stale is 
pre.ssed first followed by the pronging opi’eation 
which also bends the prongs to shape. 

Spoons and folks are then polished and buffed, 
cleaned, and electroplated. Articles made from 
10 - ir)% nickel silver are usually nickel plated; 
those made from 1^0 2 . 0 % nickel silver do not 

need plating. 

Razor blades. Razor blades are made from 
steel strips 0-881 in. wide and O-OOf) in. or 0-000 
in. thick. In the Swedish method employed in 
one of the Indian factories, a conveyor band 
carries individual bladi's on pins for processing. 
In the American method the continuous sti'cl 
strip is processed and llnished blades are broken 
from coils in the linal operation. 

Var'.eties of products.- -The articles manufac- 
tured in India include a variety of knives and 
scissors, razors, nail clippers, kubris, sickles, etc. 
Swords, daggers and kirpans, and a large assort- 
ment of knives are Punjab's specialities. In 
Bengal, pruning knives for tea gardens are 
manufactured on a large scab'. Standarized raw 
materials are not insisted upon by producers, 
and the products, though well finished and polish- 
ed, are inadequately hardened and tempered. 


Production and Thadp: 

In the ab.senci* of .statistical returns, it is not 
possible to estimate with any accuracy the 
volume of production of cutlei v articles in India, 
which is by no means insignificant. It was esti- 
mated that articles to the value of Rs. 2-8.') lakhs 
were produced annually in Punjab befoie World 
War 11 (Saini, op. cit., 8). The production in- 
creased considt'iably dining thi* war. The 
demand by the Defence Depaitment in 1843 was 
5,800.000 pieces valued at Rs. 88 lakhs. The 
total production may be estimated to b(.' twice 
this quantity. Thi* demand in 1844 was only 
30' f of that in 1843 (Thomas. Rep. Derelop. 
IndiLstr. War Supplies. 1844. 7.5). The average 
annual production of sci.ssors and razois in U.P. 
is estimated at Rs. 8 lakhs; that of spoons, forks, 
knives, and sarotas. at Rs. GO lakhs. 

Prior to World Wai I. India imported annually 
cutlery valued at about Rs. 22 lakhs (average 
for the yeais 1808/10 1813/14). Gi'rmany was 

the largi'st exportei'. U.K. and U.S.A. coming 
next. The imports dt'clined dining the war. but 
were revived soon after; the value of imports in 
1820-21 was Rs. .5.5 lakhs. In 1830-31 and subse- 
(iui*nt yi'ars. the imports fell and there has been 
little improvement since thi'n. 

Table 5 gives the imports of cutlery into 
India. 

Geimany and United Kingdom were the prin- 
cipal suppliers before World War II. The major 
part of the reciuirements of cheap cutlery came 
from Geimany. About 80% of the total imports 
during the decade pieceding the war was from 
that country. High gradi' cutlery was obtained 
mostly from U.K.. which accounted for neaily 
one-third of the total impoils. U.S.A. supplied 
high grade cutlery before and during World War 
I. but the impoits declined after the w'ar. 
Japan had no place in the Indian trade before 
1814. During the war, when imports from 
Kurope stopped, Japan stepped in and establi.sh- 
ed a market for cutlery goods in India. Table 8 
gives the imports of cutleiy into India fiom U.K. 

The present im})ort duty on cutlery is 37i% 
ad valcrcTti wdth a preferential rate of 10% on 
cutlery manufactured in Burma. Imports of 
gold- and silver-plated cutlery arc subject to a 
revenue duty of 75% ad vulorevi. 

Future prospects . — The indigenous product ion 
falls far short of the demand of the internal 
market. The quality of scissors, knives, and 
other items of cuileiy manufactured in certain 
centres is satisfactory, and these products can 
stand competition witli imported products. There 
aie possibilities for expanding the industiy and 
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provided adequate attention is paid to the 
selection of raw materials, training of labour, and 
introduction and time- and labour-saving 
machinery, its development is assured. 

CYCLES 

The Indian bicycle manufacturing industry is 
still in its infancy. It was started in and 
production commenced towards the end of 1941. 
Wilh a large unsatisfied internal market, and 
the possibility of a considerable increase in the 
use of bicycles in the country, the industiy has 
immense scope for expansion and development. 

The India Cycle Mfg. Co. Ltd., Calcutta was 
foirned in 1938, and in the following year The 
Hindustan Bicycle Manufacturing and Industrial 
Corporation Ltd., Patna and Hind Cycles Ltd., 
Bombay were registered. The outbreak of the 
w^ar soon after gave a fillip to the industry. 
There was a heavy curtailment in imports, and 
Indian requirements had to be met by indigen- 
ous production. The Hind Cycles Ltd. com- 
menced production in Novembi'r 1941 and the 
Hindustan Bicycles Mfg. and Industrial Corpora- 
tion Ltd., in 1942. The output of the two fac- 
tories was 21,741 bicyles in 1942, of which the 
share of Hind Cycles was 17,041 (Thomas, Rep. 
Dei-felop. Industr. War Supplies, 1944, 72). The 
Indian Cycle Mfg. Co. Ltd., being unable 
to import plant and equipment necessary for the 
production of complete bicycles, confined its 
activities to the manufacture of cycle parts and 
acce.ssories. 

The Hind Cycles Ltd. is the largest concern i.i 
tlie iield with an invested capital of Rs. 50 laklis, 
and a rated capacity of 60,000 bicycles per year, 
it is proposed to produce 70,000 bicycles in 1950, 
aiid 84,000 in 1951. The Hindustan Bicycle Mfg. 
and Industrial Corporation Ltd., Patna, with an 
invested capital of Ks. 12i lakhs, has a rated capa- 
city of 35,000 bicycles per year. The number of 
wa)rkers employed in the tw'o concerns is c. 730 
and 525 lespcctively. The India Cycle Mfg. Co. 
Ltd., wnth a subscribed capital of Rs. 31 
lakhs, has a rated capacity of Rs. 7 lakhs w’orth of 
cycle parts and accessories. 

Beside.s these thri'e factories, there are more 
than 150 workshops engaged in the production 
of cycle parts and accessories, spread over 
Punjab and West Bengal, mainly at Ludhiana, 
Jullundur, Delhi, and Calcutta. 50,000 workers 
are rc'ported to be employed in this industry in 
Punjab (Indian Tarilf Bd, Rep. Continuance of 
Protection to the Bicycle Industry, 1949, 4). A 
large part of the country’s requirements during 
World War II was supplied by these units. 


CYCLES 

Agreement has been reached between the bicycle 
factories and these workshops, according to 
which the latter would manufacture and supply 
components under the technical supervision of, 
the factoi ies and in accordance with their 
specilications. 

Must of the components required for assembl- 
ing the bicycle* are manufactured by the three 
factories in India. These include? frames, 
handle bars, mudguards, H.B. spindles, chain 
w’heels and crank shafts, forks, wheel rims 
pedals, gear cases, chain guard and covers, hub 
grinders, B.B. cups and lock rings, front and rear 
hubs, saddles, lever brake's, expander bolts, head 
lock nuts, cotter pins, etc. Accessories such as 
lamps, carriers and stands, bells, pumps, toe)l 
bags, and rellectors are also manufactured. 

Free>wheels, chains, and ball-bearings are not, 
at present, producexl in India; the'y are impeirted 
almost entirely from U.K. The manufacture of 
these items is to be shortly unelertaken by the 
Indo-Belga Engineering Company, Ltd., Ahmeda- 
bad. The? new factoi y has a rated capacity of 500 
free-wheels and 1000 chains per day of 8 hours 
(Infe)rmati()n from D.G.I. & S.). The Hindustan 
Motors Ltd., Bombay have completed plans to 
manufacture free-wheels. The National Bearing 
Co., Jaipur have put on the market steel balls 
of all the 3 size's re*(iuire*d in a bicycle. 

Spokes and nipples are manufactured in India, 
but in insuHicient numbers. A part of the re- 
quirements has to be impoited. The present 
e'slimated annual reouinnne'nts (in numbers) of 
the parts are: free-whe'els, 1.20,000; chains. 
1,20,000; ste*el balls, 2.00,000; spe^kes and nipples. 
75,000 (Information from D.G.I. & S.). 

R.'WV Materials 

The? basic law material for bicycle manufac- 
ture is steel, liie gross e[ijantily re'quiied for erne 
bicycle, including .saddle parts, being c. 47 lb. A 
variety of steels are spe'cihed for the different 
parts, the main types being cold rolle'd blight 
sheets anel strips, M.S, bright bars, anel M.S. 
wire's. With the e'xception of cold rolle'd bright 
strips. otlK'i' ste^e'ls reepiire'd are' produced in the 
country. 

Slu'cts and strips aie made freim leiw’ carbon 
ste'els of uniform thickness and width, in gauges 
of 10 U.) 24. They are n'r|Uirt'el for making 
frame parts (front, upper, lower, and re'ai- pipes), 
fork neck, stxd. pillar, handle bar, handle* bar 
'eck. chain stay, seat stay, pedal pipe, wheel 
rims, and saddle biidge' distance* pipe. The 
Indian factories fabricate* thc'se paits iiom black 
steel plate's produced by the' Tata Iron and Steel 
Co. Ltd. The plates are deep drawn, double pickl- 
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cd, and hot rolled with cold passes. The plates arc 
available in 2 sizes — 6 ft. x3 ft. or 4 It. x 8 ft. - 
and are sheared to sti ips of proper width. Electri- 
cally welded steel tubes required for frame work 
are imported from U.K. and IJ.S.A. 

Sheet steels of various gauges are required for 
the manufacture of mudguards, chain wheels, 
race and axle cups, dust covers, fork arms, hub 
body pipes and spoke rings, saddle bridges, brake 
lifting arms, spanner plates, lugs, co meeting 
links, brackets, washers, screw nuts, brake 
shoes, clips, sleeves, bridges, etc. Steel sheets 
for these purposes are obtained from indigenous 
sources. 

Free cutting M.S. bright bars required lor 
automatic and semi-automatic machines used in 
bicycle factories are produced in India. They 
are obtained in round, square, and hexagonal 
sections, and used in making B.H. spindles, hub 
.spindles, pedal spindles, axle cases, crank arms, 
bolts, nuts and screws, cotter pins, brake arms, 
brake arm brackets, connecting rods, adjusters, 
etc. En-32 case haidening, and non-case harden- 
ing steels conforming to American SAE.1112. 
and pickled to give a smooth surlace and perfect 
roundness, are supplied by the Tata Iron and Steel 

Co. Ltd., in sizes i in, Ig in. Sizes below i 

in. are supplied by the Indian Steel and Wire Pro- 
ducts Ltd., Tatanagar. 

Low carbon, cold finished steel wires and 
other types of special steel wires, e.g., spring 
steel wire, are supplied by the Indian Steel and 
Wire Products Ltd., in sizes 0135 in. to 
0-349 in. with a tolerance of 0 002 in. The wires 
are required for rivets, brake connecting and 
adjusting rods, etc. Brass wires, 3/10 in. diam., 
arc used for making nipples. 

Most of the components of a cycle have to go 
through 5 or fj different operations, each requiring 
a die or a tool. A continuous mass production of 
all these components requires 1000—1,200 dies. 
A part of the requirements for die and high- 
speed tool steel is met by supplies from the Tata 
Iron & Steel Co. Ltd. and the Mysore Iron and 
Steel Co.. Bhadranati; the major part is imported. 

The imports of raw materials in 1949 were: 
cold drawn bright strips, 810 tons; free cutting 
bright bar, 817 tons; steel strips, 250 tons; steel 
tubes (welded), 396 tons; and steel tubes (solid 
drawn), 60 tons (Information from D.G.I. & S.). 

Other materials used in the production of 
bicycles are rubber parts — tubes, tyres, handle 
grips, pedal lubbers, brake rubber — and minor 
items of consumable stores. All the rubber parts 
required are produced in the country. About 
75,50,000 tubes and tyres were produced in 1947, 


71.60.000 in 1948, and 77,40,111 in 1949. Imports 
of these items into India are insignilicant though 
in the pre-war period large numbers of tyres 
and tubes were obtained from foreign countries, 
particularly U.K. The consumable stores requir- 
ed include nickel anodes, bronze, wires, colour- 
ing, brazing and electro-chemical materials, 
emery powder, leather, etc. Most of these arc 
available in the country. 

Manufacturk 

A bicycle consists of about 200 components 
grouped into fifteen sub-as.semblies, and the 
manufacture includes about a thou-sa id opera- 
tions. Production is organized under a number 
of sections such as pipe section, press section, 
welding section, machining section, lock and 
smith section, lieat treatment section, tool sec- 
tion, finishing, plating and painting .section, and 
as.sembly section. The operations are automatic 
or semi-automatic. 

For the fabrication of pipes requiied for the 
frame work, fork neck, seat pillar, handle bar, 
handle bar neck, chain stay, seat stay, etc., Tata 
plates (6 ft. x3 ft., or 4 ft.x8 ft.) are sheared to 



Fig. 82. — Blanking: of fork blades for cycles 
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the required width, welded together to make a 
long strip, and drawn on the pipe drawing 
machine. 

The rirn is made in a rim rolling machine. Th(' 
rolled strip which i.s obtained in the form of 
coils is cut, and the individual rims are sized, 
cut if necessary, and the* ends ground in a rim 
end grinding machine. The rims are then butt 
welded and finally gas welded. The welded pro- 
duct is ground again and llatlened in a stabiliz- 
ing machine. Mudguards are also made in the 
same machine with different sets of rolls, and 
cut into the rear and front pieces. 

Cranks, pedal parts, H.B. axles, cones, frame 
fittings, etc., are made from bar slock by hot 
forging. Blanks are luxated and forged on the 
pneumatic hammer to proper sizes and the edges 
trimmed. They are then finished in the machine 




■ I 'i 





Fif?. 83. — Drop stamping of cycle crank.s 


Fig. 84. — Cutting of cycle chain wheels 

shop. Bar stock i.s used also for making bolls, 
nuts, screws, brake parts, etc. 

In the press section, (‘(luippi'd with power 
presses (10 75 tons), the compoiuMils made from 
sheet metal are subjected to the following opera- 
tions: punching. drawing, trimming, and 

di illing. 

The component parts of the frames, fork, 
handle bars, etc., are littc'd, joiiu'd by li(tuid 
brazing which ensiirt's perfect safety as legards 
joints, and rough ground. A pipe Uaiding machine 
i.s employed fur making handle bars and other 
bent parts. 

All pipes, rods, and cylindrical parts of diam. 
{ in. — 5 in. ar(' ground in a centreless grinding 
rnachim? to exact dimensions. Iksn ing parts are 
case-hardened in cyanidt' bath at 1,400 F. and 
quenched in whaler. All brazed parts, such as 
frames, forks, an: cleaned by sand blasting. Some 
parts arc annealed. 

All parts except frames, rnudguaids, and forks 
arc electroplated. Handlebars, rims, chain 
wheels, crank arms, bells, etc., are pickled in acid 
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Fiff. 85, — Polishin/^ of cycle rims 

and nickc'l plated: some pails are given chro- 
mium coating. Spokes, nipples, washers, and 
other small components are bai’icl plated. Other 
parts, such as frames, forks, mudguards, etc., are 
pickled, painted, and stove-enamelled, lined and 
printt'd by Iranshus. Some parts, sucii as frames, 
forks, and mudguards, are bonderized befon* 
stove-enamelling. This treatment, which consists 
of heating the part in zinc phosphate solution 
after pickling, imparts anti-rust properties. 

The finished products are issiu'd for wheel 
and other sub-assemblies, and the sub-as.scmblics 
are assembled into complete bicycles. They are 
inspected and despatched. 

Typps . — The bicycles produced in India are 
mainly roadsters. Lady's, racing, and boy's 
models are also made. Tandem and carrier 
Vdcycles are not manufactured. 

The D.G.I. & S. have drawn up the provisional 
specification No. G/Misc./889 (1949) for indigenous 
cycles. The specification lays down standards for 
(i) sizes of tubes used in the frame, seat tube, 
forks, handle bar, etc.; (2) crank bar; (3) chain 
wheel; (4) chain; (5) hubs; (6) axle and axk? cones; 
(7) free wheels; (8) pedals; (9) brake rods; (10) 
mudguards; (11) spokes; (12) wheel rims; (13) 
saddle main springs; and (H) saddles. Also, the 
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chemical composition 

of the 

materials 

used and 


the physical tests such as tensile strength, 
wrapping test, bond test, and the heat treatment 
to b(‘ given art* specified. 

Production and Trade 

The production of complete bicycles (including 
.spare parts and accessories expressed in terms 
of complete bicycles) wxue: 50.650 in 1946; 48,827 
in 1947; 64.740 in 1948, and 87.922 in 1949. During 
the first ten months of 1950, 80,610 complete cycles 
were produced. The annual output of bicycle 
parts and accessories from the workshops in 
Punjab is repoi ted to be worth about Ks. 60 lakhs 
(Indian Tariff Bd, loc. cit.). 

Imports . — Till 1939, all the bicycles lequired 
in the country W(*re obtained by import. Table 1 
gives the nurnbiu’ and valiu\ of bicycles, and the 
value of parts and acces.sories, annually import- 
ed into India during the period 1929 -50. 



Fig. 86. — Loading cycle parts for electroplating 
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Before World War II, bicycles were? irnpuiled 
mainly from U.K., Japan, and Germany. In the 
quinquennium ending 193^1-39, U.K. supplied 
93-2% of the total imports of bicycles and 
58*()'f of parts and accessories. The share of 
Japan during the same period was: bicycles, 
(M%, and parts and accessories, 23%. The 
imports have increased considerably since the 
war. The share of the United Kingdom in im- 
ports during the years 1946-47, 1947-48, 1948-49, 


and 1949-r)() were 95, 76, 89. and 84S res- 
pectively. 

Table 2 giv(‘S imports of bicyck's and par ts and 
accessories into India from U.K. 

Tire imports from U.K. have incrc^-isc'd consi- 
dtu'ably in recent years. 299,723, 207.332, and 
3r)0,77() complete* bicycles valued at 112,003,991, 
11 1,368,169, and 112,276.777 wme imported dur ing 
1947, 1948, and 1949 respectively. Tlu' coir'(\s- 
ponding values of parts and acct\s.s(n ies imported 
during tire 3 years were L 574,411, il 513,884, and 
5:757,364. ) 

Table 3 givi'S thi* irrrpor ls of lubbiu' tyi-es and 
lubes din ing the })er rod 1931-50. 

Prior* to April 2 l,94t), imports of bicycles and 
cycle parts aird aee(‘ssni ii\s were subject to a pi’o- 
lective duly <»f 24% ad ralonnn, if of Britisli 
manufacluri* and 36% ad calonnn. if of non- 
British manufacliu*e. I'lie lati'S hav(' since hc'en 
revised, and the cor responding increa.sed iat(‘s an* 
60% and 70%; respectively. 

The demand .for bicycles in the Indiair Union 
has been estimated at 375,000 in 1950-51 and 
400,000 in 1951-52. The fair selling price of 
Indian bicycles is (‘stimated at Rs. 129 in 1950. 
and Hs. 127 in 1951. The landed cost of a stan- 
dard gent’s bicycle, 24 in. franu', without acces- 
sories {Phillips Model A.G.24) is Rs. 106-9-3 
(Indian Tariff Bd, Rep., 8, 14). 
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